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AGATHON ALCOY 


UR Metallurgical Department is maintained on the 


highest possible plane. It is abundantly supplied 
with the latest scientific equipment to be had and manned 
by a corps of expert metallurgical engineers and practical 
steel producers. 
Through our years of experience in the production of com- 
mercial alloy steels this department has amassed and com- 
piled a great amount of data on the adaptability of various 
special steels to hundreds of different lines of manufacture. 


If a stronger, tougher or harder steel can be produced to 
meet the peculiar requirements of the highly stressed and 
excessive wearing parts of your product, our metallurgists 
can tell you and our mills can produce it. Write us. Get 
the co-operation of our organization and extensive facil- 
ities now. Remember it places you under no obligations. 
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We have daily pro- 
duction in all kinds of 
Agathon Alloy Steels 
such as— 


Nickel, Chrome 
Nickel, Uma, Molyb 
denum, Chrome- 
Molybdenum, 
Nickel-Molybde- 
mum, Vanadium, 
Chrome - Vanadium, 
Chromium, etc. 


Deliveries in Biooms, 
Billets, Slabs, Bars, 
Spring Flats, Hot 
Rolled Strips, etc 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 


ree 


Book Bidg. ree ae University Block 


Widener Bids. 
Philadelphia 








TRANSACTIONS 


of the 






American Society for Steel Treating 


June, 1924 No. 6 













HISTORICAL NEW ENGLAND 


ANY historical points of interest in the vicinity of Boston 
M which will be visited by members and guests attending the 
convention of the American Society for Steel Treating, will be seen 

the towns of Cambridge, Lexington and Concord. Many tablets 





Washington Elm, 


Cambridge 


mark the spots where were enacted some of the most stirring 
events of the American Revolution. 


CAMBRIDGE 


Passing through the beautiful Back Bay, over the Harvard 
lge and through Cambridge, will be seen Harvard university, 
wn the world over as one of the leading universities of 
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America. Memorial Hall, in Harvard college, is a notable 
ample of the period when scarcely anything of beauty was 
Although this building itself is unbeautiful, the idea that ca 

it to be built was notably beautiful; for it was erected as a n 
orial to the men of Harvard who gave their lives for their 





Memorial Hall, 
Harvard College 


country in the Civil war, and much of the interior is of striking 
effect. Down the lofty and impressive main corridor, there are 
tablets bearing such old New England names as Peabody, Wads- 
worth and Bowditch. The entire western end of the building is 
given over to a large dining hall, with capacity for over one 
thousand students. This room is paneled with oak, beautified 
by memorial stained-glass windows, as well as portraits and statues, 
all of which have an historic, and some an artistic interest. 
Washington Elm is located just beyond Harvard square near 
the Common. There is affixed a tablet stating the historic tact 
that under this tree Washington first took command of the 
American Army (July 3, 1775). This tree was blown dow: 
November, 1923. 


EDITORIALS 


Longfellow’s home on Brattle Street, is one of the finest of 
colonial mansions. It was built about 1759 by Colonel John Vassall, 
a refugee of the Revolution. Washington took up his headquarters 

when he first took the command of the American army, and 

» Madam Washington joined him. The estate afterward passed 

the hands of various owners; was used as a lodging house 


Home of Henry Wadsworth Longfellow, 


Cambridge 


by Harvard professors; was occupied by such distinguished persons 
as Jared Sparks, Edward Everett and Joseph Emerson Worcester, 
the dictionary maker; and finally became the home of the poet 
Longfellow. It is now occupied by a daughter, Alice Longfellow. 


The Christian Science Temple stands on Falmouth street, 
beautiful grounds in front extending to Huntington avenue. 


s 225 feet high, topped by a magnificent dome, and has a seating 

ipacity of 5000. It has a melodious chime of bells, which are rung 
with pleasing frequency. This is the First Church of Christ, 
Scientist—the “Mother Church” so called, generously endowed by 
Mary Baker Eddy, the founder of this denomination. 
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Krom Cambridge, passing through Arlington and arrivi: 
Lexington, may be noted the battle field, where the farmers 
side Boston first met the British with armed resistance, and 


the historic words were first uttered by the commander of the 


Christian Science Church—Mother Church, Cambridge 


ute Men on Lexington Green: “Stand your ground, don’t 


unless fired upon, but if they mean to have a war let it begun 
here.” Leaving the battle field, the Hancock-Clarke house, w! 
contains priceless relics of the Revolution, may next be viewed 


CONCORD 


Leaving Lexington, the old town of Lincoln is passed thr 
where is located the site of the capture of Paul Revere. Lin 
is also the home of Captain John Smith. Proceeding on to | 
cord, Merriam’s Corner, the first point of interest in Con 
may be visited. Along the elm-shaded streets, may be seen the h 
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ts and writers who have made New Eeneland the mecca of 
world. 
Monument street, Concord, stand “Old Manse,” where 


> 


Waldo Emerson wrote “Nature” (1836). Nathaniel Haw 


Way side, 
Nathamiel 


and his wife lived here during the first years of their mar- 


fe, 


he home of the later years of Nathaniel Hawthorne is known 
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as “Wayside” and was one of the earlier homes of the Alc 
was never among the finest of the old-time houses, but Hawt 
made alterations to please his own taste and developed th 


into a quiet and attractive home. It is hemmed in by solemn 
greens, and from its place at the foot of the ridge, one may 
across the sweeping meadows. 

The home of Louisa May Alcott, where she wrote 
Women” (1868), stands at the foot of a wooded ridge. 
Ht is the little building once famous as the School of Philoso; 


HOTEL ACCOMMODATIONS FOR THE BOSTON 
CONVENTION 


a: ORDER that members and guests may be well taken ca: 
in the matter of hotel accommodations during the time of t! 
annual convention in Boston, we are publishing a list 
hotels in the city of Boston. This list gives the number of r 
each hotel and the rates. 

It is essential and advisable that hotel reservations be 
immediately, and members are requested to send their reser\ 
directly to the manager of the hotel at which he wishes 
located, stating time of arrival, kind of accommodations desired 
the price he desires to pay. It is further advisable that the 
management be requested to acknowledge receipt of your reset 
tion. 

Following the list of hotels is a tabulation showing th: 
tance of each of these hotels from the convention headquarte: 
Copley Square. Likewise the distance from each of these hotel 
Commonwealth Pier, where the exposition will be held, is tabulat 
in miles or fractions thereof. 


List of Boston Hotels* 
(Listed in order of nearness to Copley Square) 


Copley Plaza 


person, with bath, inside Bt aes $ 5.00 to 6.0 
person, with bath, outside ...... ra 8.00 to 10.00 
persons, with bath, inside .... .. shield. dove : 
persons, with bath, outside ................. 11.00 to 15. 
Westminster 
eer —— 


SOONG, WH DORE sc se ccc sesens cove «=6B to 7.0 
persons, with bath, suites 


European plan except otherwis 





} / )] / ( rR] 1] es 


Brunswick 
rson, without bath, with running water 
person, with bath 


rsons, without bath, with running water 


ersons, with bath 

persons, with bath, suites per person 
Lenox 

erson, without bath, with running water 

person, with bath pa aihis 

xrsons, without bath, with running water 

versons, with bath 

persons, with bath, suites 


EUROPEAN PLAN 

erson, with bath 

persons, with bath ec 
rson, with bath, sitting room chambet 
vrsons, with bath, sitting room chambet 

\MERICAN PLAN 

person, with bath 

persons, with bath 

rerson, with bath, sitting room chambet 

persons, with bath, sitting room chamber: 

Arlington 

rson, with bath 

persons, with bath 


person, with bath 
persons, with bath 


Adams House 


person, without bath 
person, with bath 
persons, without bath 
persons, with bath 


person, without bath 
person, with bath 
persons, without bath 
persons, with bath 


persons, with bath 


persons, with bath 


Parker House 
person, without bath 
person, with bath 
° 1 
persons, without bath 
persons, with bath 


persons, without bath 
persons, with bath 


Young’s Hotel 
person, without bath 
person, with bath 
persons, without 
persons, with bath 


2.50 to 
4.00 to 


3.50 and up 
5.00 and up 
5.00 and up 
7.00 and up 


7.00 and up 
13.00 and up 
11.00 to 16.00 
15.00 to 20.00 


3.00 
4.00 


5.50 
8.00 


2.50 3.50 
4.50 6.00 
4.00 5.50 
6.50 10.00 


4.00 
5.00 to 7.00 
5.00 
6.00 to 8.00 
10.00 to 12.00 


to 6.50 


to 3.50 
to 6.00 
to 5.50 
to 8.50 


5.00 to 6.00 
8.00 to 12.00 


1.75 and up 
3.50 and up 
4.00 and up 
6.00 and up 
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1 


5 marae, “ereemet Bete asc ev akcwcdawees 2.50 t 
l person, with bath eaten heated 3.50 to 
persons, without bath eis wane 4.00 to 


persons, with b 6.50 to 


United States Hotel 
person, without bath, with running water 2.00 ¢ 


1 


persons, without bath, with running water .... 4.00 
oe |, 3.00 
persons, with bath ....... 5.00 
persons, with bath, suites ....... 6.50 
persons, with bath, suites . 7.75 
persons, with bath, suites 9.00 
Commonwealth 
persons, without bath 
persons, with bath 
Boston Tavern 
person, without bath 
persons, without bath 
persons, with bath 


person, without bath 
person, with bath 
persons, without bat! 
persons, with bath 

American House 
person, without bath, with running water 
persons, without bath, with running water 
persons, without bath, with running water 
persons, with bath 
persons, with bath, suites 


Quincy House 
person, without bath 
person, Without bath, with running water 
person, with bath, with running water OO to 
persons, without bath, with running water 
persons, with bath 00 to 7 


List of Hotels Showing Their Location in Respect to Copley 
and Commonwealth Pier 


Dis- 
tance from Distance 
Head- from ex- 
Number quarters. position. 

Hotel Rooms Miles Miles Address 
Copley-Plaza 0.0 
Westminster 2! 0.0 
Brunswick ; 0.25 
Lenox Z 0).25 
Vendome 2 0.25 
ME Cs ck win aess 0.50 
Touraine : 0.75 
Adams House 0.75 
Somerset ; 0.75 


— 
- 
cs 


Copley Square 
Copley Square 
Boylston & Clarend 
Exeter St. 
Commonwealth Ave 
Arlington Sq. & Chai 
Tremont & Boylsto: 
555 Washington St. 
Commonwealth Ave. 
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THE SPRING SECTIONAL MEETING 


T Spring Sectional Meeting of the American Society for 
freating held in Moline, Ul., Thursday and Friday, May 
23, under the auspices of the Tri City chapter, proved to 


f£ the most interesting sectional meetings that has been 


the Society. Members from many of the chapters of the 


eathered at the Hotel [LeClaire, Moline, Lil.. 
rsdav, May 22. ‘The 


on the morning 
registration of members 


took place 
the hours of 9:30 and 10.30 a. m.. 


following which, a 
ession was held in the auditorium of the Moline club; 
rge KX. Burgess presiding at this mx 
e first paper entitled, “High Power Magnification in Metal- 
was presented by Robert G. Guthrie, metallurgist, Peoples 
eht and Coke Co., Chicago; the second paper entitled, 
Etching as Applied to Forging Practice” was presented by 
Nelson, metallurgist, Wyman-Gordon Co., Worcester, Mass., 
e third paper entitled, “Steel under the Oxyacetylene Flame,” 
ven by Prof. Alfred S. Kinsey, Stevens 
logy, Hoboken, N. 7. \t the close of this session, an in- 


luncheon was served at the Hotel [eClaire. 


Institute of 


2:00 p. m. the second technical session was called to order 
T 


le Burgston. The papers presented at this session are as 


Heat Treatinent of High Speed Steel Dies,” .. B 


metallurgist, Wagner Electric Corp., St. Louis, Mo.; 
al Properties and Methods of Annealing Intermediate Prod- 
White Iron,’ by Anson Hayes and W. J. Diederichs, Lowa 
ollege, Ames, Iowa, (presented by Dr. Hayes) ; and “Grind- 


v H. W. Dunbar. Norton Co., Worcester, Mass. ‘This last 
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paper included a practical demonstration of the cutting capa 
various types of grinding wheels. 

At 6:45 p. m. about 300 members and guests assen 
the dining room of the LeClaire hotel where an informa] 
was served. This dinner meeting was held in co-operati 


C98 a ERE Pe ORS 


the Tri City Technical Council, which is an organization co: 
al! of the technical societies in the Tri Cities. Following th 
James F. Lardner, Jr., presented the toastmaster, William 
worth, president of Deere and Co., Moline, Ill., who entert 
introduced the speakers of the evening. The first speaker, 
Stackhouse, general manager of French and Hecht, Da 
lowa, gave a very interesting address of welcome to th 
bers and guests of the Tri City Technical Council and the A: 
Society for Steel Treating. W. H. Eisenman, national s 
of the American Society for Steel Treating responded 
Stackhouse’s very cordial welcome, and expressed in his gen: 
entertaining way, the appreciation of the members of the A: 
Society for Steel Treating for the kind hospitality and s; 
friendliness which had been so freely expressed by membe: 


ote. a OI 


ne te le 


a ee eee 


hosts of the Tri Cities. Following Mr. Eisenman’s addre 


a cena 


president T. D. Lynch presented president, Dr. George K. Burg 
with a gavel. Toastmaster William Butterworth then p: 
Dr. Burgess, who gave a most interesting illustrated lectur 
picting the work of the United States Bureau of Standa1 
its relationship to the industries of the country. Dr. Burges: 
plained in detail the manner in which the Bureau functions 
ing the many industries in solving their research problems. St 
opticon slides were exhibited, showing many departments 
Bureau which are devoted to the study of every phase of in 
development and research. 

Throughout the evening the guests were entertained wit! 
solos by Lilly Nott Cochrane and Robert A. Lynch. 


Fripay, May 23—PLAntT VISITATION AND GOLF TOURNA™ 





The committees of the Tri City chapter had arranged 
comprehensive and interesting plant visitation program whic! 
cupied the morning hours. Automobiles were assembled 

Hotel LeClaire and at 9 o'clock, were ready to depart 


; 
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groups of plants which were to be inspected These 
v | i { ! pected, 1eSe€ 


as follows: 


John Deere Plow Company, Yellow Sleeve-Valve 
Ikngine Works, John Deere Harvester Works. 
Velie Motors Corporation, Moline Tool Company, 
Borg and Beck. 
Bettendorf Company, Zimmerman Steel Company. 
C. U. Scott and Son, Tri-City Heat Treating Com 
pany, Rock Island Plow Company. 
Linograph Company, Davenport Locomotive Works, 
French and Hecht. 

Group VI. Tri-City Malleable Castings Company, Union Mal 
leable Iron Company, Moline Iron Works. 


lor those who desired to see plants other than those on the 
list, arrangements were made whereby special guides con- 


ted these members to the plants of the following companies: 


Williams-White Company 
Reynolds Engineering Company 
Moline Plow Company 
Marseilles Works 

Moline Body Corporation 
Bettendorf Oxygen Company 
Davenport Machine and Foundry Company 
Voss Brothers 

QO. E. Szekely Company 

Red Jacket Pump Company 

EK. and T. Fairbanks Company 


Simultaneous with the plant visitations, a golf tournament 
; scheduled at the Rock Island Arsenal Golf club. The com- 
ttee in charge had arranged for two trophies, a first and second 

for the winners of the match. This was a blind bogey 


phy. The match consisted of one foursome and two threesomes 
follows: 


Score Handicap Net Score 
Bayless ... been beatae waa ee 45 71 
ig 27 94 
P. Gilligan ... + ale (Played 6 holes only) 
le Burgston ania : aaa 35 83 
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McDonnell 
D. Hall 


(;. Guthrie 


H. 


Lardner 


96 
85 
Rowland 101 

Clyde Burgston, J. D. Hall, Robert G. Guthrie and James F. 
irdner, Jr., were those who qualified in the match and upon 
iwing numbers, Robert G. Guthrie was awarded the first prize, 
silver cup, and J. D. Hall was awarded the second prize of six 
lf balls. 

At 1 o'clock, members and guests assembled at the Rock 
land Arsenal Golf club where an informal luncheon was served, 
llowing which Colonel D. M. King, commanding officer of the 
rsenal gave a brief talk on the work that the arsenal is doing, 

then personally conducted the party throughout the arsenal 
yps. This inspection trip concluded the scheduled program of this 
ectional meeting. 

Much credit is due the Tri City chapter officers and mem- 
‘rs for their untiring efforts in arranging and conducting one of 

most successful sectional meetings that the Society has held. 


VOLUME V OF TRANSACTIONS COMPLETED 


HIS issue of TRANSACTIONS completes Volume V, which 
covers the period from January, 1924, through June, 1924. Vol- 


ume VI will include the period from July, 1924, through December, 


1924. The index for Volume V is now ready and copies may be 
btained upon request. 


Those who desire to have their loose copies of Volume V 
ound in accordance with the style used in binding Volumes I, 
il, III and IV, may do so by forwarding them to the executive 
fices of the Society, 4600 Prospect avenue, Cleveland, together 
vith $2.00, and they will be bound and returned to the owner 
romptly. 
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UNAUDITED PROFIT AND LOSS STATEMENT 
AMERICAN SOCIETY FOR STEEL TREATING 


From January 1 to March 31, 1924 


INCOMI 


Dues (gross) 
lransactions Advert 
Transactions Sales 
Bindery Account 
Discounts Received 
Interest 

Data Sheets 
Miscellaneous Rece 


$10,668.50 
5,638.60 


EXPENSES 
Discounts Allowed 
3indery Account 108.50 
Reprints 77.38 
Data Sheets 1,266.19 
Library 


30.00 
H. M. Howe Medal Fund 4.43 
Miscellaneous Expenses 61.14 


‘Transactions 4,899.85 
Secretary’s Office 2,524.26 
Treasurer’s Office 439.42 
Director’s Expenses 526.85 
National Committees 1,444.01 
Rochester Sectional Meeting 383.36 
Increase of Membershiy 18.86 


Local Chapters 4,266.23 


I xcess of In me over expense 


BALANCE SHEET 

ASSETS 
Commercial Account Cleveland Trust Co 
Savings Account Cleveland Trust Co 
Savings Account Eqr ty Savings & Loan Co 
Savings Account Union Trust Co ,082.42 
Bond Investments be 31,000.00 
U.S. Treasury Certificates 2,015.00 
Accounts Receivable for Advertising 1,986.19 
Accounts Receivable Miscellaneous 1,121.24 
Office Furniture & Fixtures 1,000.00 
1923 Convention Accounts Receivable 481.22 
1924 Convention Prepaid Expenses 3,083.08 
Inventory January Ist, 1924 2,119.48 $55,042.41 


LIABILITIES 


Accounts Payable 1,494.43 
Reserve for Dues Paid in Advanc« 10,000.00 
Reserve for Doubtful Accounts 1,000.00 
Permanent Convention Reserve 20,000.00 
Advance Receipts 1924 Convention 4,903.75 
H. M. Howe Medal Fund.... ; 3,000.00 
Surplus, January Ist, 1924 $12,672.03 

Cancelled 1923 Convention charges 24.00 


12,648.03 
Profit from Jan. Ist to Mar. 31st, 1924...... 1,996.20 14,644.23 $55,042.41 





THE GRANULATION HYPOTHESIS AND THE DELTA- 
GAMMA CHANGE IN IRON-CARBON AND 
IRON-NICKEL ALLOYS 


By Colonel N. T. Belaiew 


Abstract 


The author of this paper pots out that the dendritic 
structure of alloys, as revealed by macro-etching, is a 
very stable structure and 1s not readily broken up during 
usual heat treatment operations. When the elements of 
secondary crystallization lodge themse according to 
the symmetry of the dendrites, a structure arises called “the 
structure of large crystals.’ This structure when viewed 
by the unaided eye, shows a complete identity of picture 
with the da ndritic structure. With the aid of the micro- 
scope, the outstanding feature of this structure 1s the 
discontinuity of the excess element, ferrite or cementite, 
which has segregated into pseudo dendrites or ferrite 
islets. This structure of large crystals occurs either in 
steels rich in carbon or in single crystals, and therefore 
is not of usual occurrence. 

The usual structure of steel articles slowly cooled 
is that of a net-work. Under the microscope this struc- 
ture is characterized by the continuity of the mesh and by 
the continuity of the outer shell of the excess element 
around the inner nucleus. 

Based upon the investigations of the author and 
Giolittt, a discussion of castings and slowly cooled steels 
in relation to the structure of the dendrites, is included. 

The author's granulation theory is described and 
discussed, and an explanatyu», of the manner in which 
the delta-gamma transformation might account for the oc- 
currence of granulation in alloys, cvoled dozyn from the 
melt, 18 given. 


INTRODUCTION 


HIE observations and experiments of Tschernoff, Howe, 


Sauveur and their followers have demonstrated that iron 


and steel solidify in dendrites, usually of macroscopic size. 


On the other hand, either steel castings or any other 


A paper to be presented before the Sixth Annual Convention of the 
Society to be held in Boston, Mass., Sept. 22 to 26, 1924. The author, 


Colonel N. T. Belaiew, is consulting metallurgist, 33 Elvaston Place, Queen’s 
Gate, London, England. Written discussion is_ invited. 
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steel article, not specially treated, would show on a pl 
section a more or less distinct network microstructure, p 
ing to the existence of a certain number of crystalline gra 
of a shape and size very different from that of the dendrit 

These were the main facts which attracted the auth 
attention in the early years of this century, when under 
guidance of his teacher, Prof. D. K. Tschernoff, he was ab 
to start experimental researches on the crystallization of st 
rom the start the author was animated by the desire 
bringing into closer harmony the processes of crystallizati 
with various areas of the carbon equilibrium diagram. 1 
main processes were to be considered: First, the proc 
of primary dendritic crystallization, so brilliantly demonstrat: 
by Tschernoff, in steel castings and in damascene steels; s 
ond, the formation of various grains of alpha and gamn 
iron, as conceived by Osmond and linked up in his ea 
works with the existence of simple and complex cells. 

Dendritic crystallization, being a_ solidification proce 
linked itself up quite naturally with the upper part of the dia 
gram, between the liquidus and solidus branches, (Fig. 1). The 
formation of alpha-grain and the final secondary structur 
also found quite easily their appropriate positions in the tran 
formation zone GOSL (Fig. 1). There remained, however, tli 
gamma-grain, whose genesis and occurrence seemed to tl! 
author to necessitate a more detailed study. 

The prospect of studying the alpha and gamma-grains | 
the same sample, and if possible on the same section, seem: 
eminently attractive, and the author’s early efforts were directed 
towards the realization of large, well-developed structures, v1 
ible to the naked eye. 


For this purpose, when preparing samples at the .Poutiloti 
works in 1907, the crucible method was adopted and the al 
loys were allowed to cool down together with the furnac 
as slowly as possible, thus realizing the conditions specified 
for damascene steel by Anossoff and Tschernoff'. About 20 
alloys with carbon content varying between 0.40 and 2.30 p« 
cent were thus prepared under conditions of very slow an 


1. The numbers refer to the bibliography which appears at the conclusion of t 
paper. 
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isturbed cooling; the interval between 1500 and 290 de- 
s Cent. (2732-554 degrees Fahr.) usually being about 60 


rs 


Under these conditions all of the alloys developed a very 
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Fig. 1—Equilibrium diagram of iron 
carbon alloys. (After Carpenter). 


line primary as well as secondary, crystallization®. Partic- 
larly beautiful were the outer crusts of the alloys No. 1 
carbon 1.80 per cent) and Nos. 5 and 6 (carbon 0.60 per cent) 
their corresponding macro-etchings on the inner sides of 

crusts. These are reproduced on Fig. 2 and Fig. 3. 
(he general outline of the markings on the Fig. 2 re- 
sembles very closely the picture of the primary dendritic crys- 
zation on the outer crust. The secondary deposits, in this 
case cementite and pearlite, closely follow up the dendritic 
and branches. Here the secondary crystallization has 


only been influenced, but predetermined by the primary 


Quite a different aspect is presented by the alloy No. 5 with 


i 
/ 
/ 
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Fig. 2—Structure of large crystals. Alloy No. 1, carbon 1.80 per cent. Pearlite 
and cementite. x 1. Fig. 3—‘*Network structure.”” Alloy No. 5, carbon 0.6 t 
cent. Pearlite and ferrite. x 1. Fig. 4—Primary crystallization (dendritic structur 
and secondary crystallization, ferrite mesh simultaneously revealed by macros 
etching. Alloy No. 6, carbon 0.60 per cent. x 6. 


0.60 per cent carbon (Fig. 3). Here, apparently, no trace of den 
dritic influence was left. In spite of the large size of the 
meshes, the general character of the network is distinctl) 
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lyhedral, closely resembling, only on a much larger scale, the 
usual structure of rails and similarly treated articles. 

Clearly, some fundamental change must have occurred in 
the specimen previous to the deposition of the meshes of 
the net. This change, on the other hand, must have been 
posteriar to the formation of the dendrites, as by combined 
macro- and micro-etching, the structure of both the dendrites 
and the mesh is revealed simultaneously (Fig. 4). Thus we 
have to look for this change somewhere in the region be- 
tween the areas of primary and secondary crystallization, that 
is, in the austenitic zone. 


SECONDARY STRUCTURES IN STEEL ON SLOW COOLING 


Let us examine more closely the structure of the alloy No. 
1, with 1.80 per cent carbon. The most striking feature of that 
structure is its close resemblance, or identity with the den- 
dritic structure; there are in both, the same axes and branches 
and the same rectilinear intersections. An examination of 
that alloy at higher magnifications reveals another characteris- 
tic—the discontinuity ‘of the excess element, in that case ce- 
mentite (Fig. 5). The cementite needles, shown in that pho- 
tomicrograph, have agglomerated in the interstices of the pri- 
mary dendrites and have arranged themselves in groupings 
of roughly dendritic appearance’. 

Such structure is not, however, limited to the higher car- 


bon steels. Under certain circumstances it appears in hypo- 
eutectoid steels as well. So in Fig. 6 is reproduced a portion 
of the alloy No. 5 with 0.60 per cent carbon. The spot selected 
is in the region of the pipe and consequently is rather rich 
in slag inclusions. The excess element, ferrite, has 


crystal- 
lized out in well defined particles, around a string of slag. 
The general outline of the masses is somewhat reminiscent 
of the rounded branches of the dendrites, and like cementite 
in the alloy No. 1, the ferrite particles in that particular sec- 
tion of the specimen, are arranged in a discontinuous grouping. 
The structure of the Tschernoff crystal (carbon content 
0.60 per cent carbon) is, in its general outline, very much like 
that of the alloy No. 1 (Fig. 7). At a higher magnification the 
ferrite masses are seen to have segregated into discontinuous 
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Fig. 5—Showing discontinuity of the excess element in the structure 
crystals. Alloy No. 1, carbon 1.80 per cent. Cementite and pearlite. x 
6—"‘Structure of large crystals’’ showing ferrite islet. Fig. 7—‘Structure of lars 
tals.” Tschernoff’s crystal. ‘Carbon 0.60 per cent. Ferrite and pearlite. x 
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uupings; in detail very much like that of Fig. 6 (Tig 


~* 


8). 
Thus, such a structure occurs in a very wide range of 
emical composition, and closely resembles that of the primary 
ndrites, as it brings into evidence by means of secondary 
eposits, the axes and branches of the primary dendritic crys- 
ls. In this triad of secondary structures’, the author -has sug 


ested the term, structure of large crystals. 

The structures of large crystals show the character and 
ode of distribution of the secondary deposits, 1f and when, 
ey follow up the dendritic axes and branches. As already 
entioned, the general character of this structure at low mag 
ifications will have a distinctly dendritic appearance. At 
igher magnifications the excess element will appear in iso 
ted, discontinuous masses. 

lf the secondary crystallization were influenced always 

d only by the chemical and crystallographical character of 
the dendrites, the general picture of the secondary structures 
ould always be that of the structure of large crystals. This, 

wever, is not the case, and the structure of large crystals, 
ir from being the general rule, has to be looked upon rather 
an exception. On the other hand, every day shop practice 


nd the usual laboratory experience show that the structure 


steel articles of usual chemical composition not specially 
reated is generally that of the network structure. The com 
mon appearance of such alloys is very much like that of the 
lloy No. 5 (Fig. 3), only that the structure of the former is 
a much smaller scale. 


Let us examine more closely lig. 3 and Fig. 9. As in the 
sual steel specimen the size of the meshes decrease from the 
entral parts towards the periphery, thus suggesting the in 
uence of the velocity of cooling and of the maximum tem- 


erature; the characteristic “continuity” of the ferrite mesh is 


lso to be noted. If Fig. 3 were compared with the outer 


art of the crust of the same alloy’, or if the same section as in 


g. 3 were examined under oblique illumination, it would be- 
ime evident that the larger meshes comprise several dendritic 
ystems, whereas the smaller mesh cuts one system into sev- 
ral parts. 


) 
‘ 


In order to reveal simultaneously the two structures, o1 
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one and the same sample, 1. the structure of the pz: 


72 









dendrites and the secondary net, the author applied a coml 


| macro- and micro etching and was finally able to obtain 
. picture shown in lig. 4. This picture shows the mann 
. which the white string of ferrite cuts through several dend: 


branches, thus assigning to one inner crystallographic 
tem, portions of different dendrites, or, as in other part 
the figure, comprises within one envelope several diffe: 


dendritic systems with various orientation of their axes 







branches. 
As in Fig. 4 both pictures exist simultaneously, it is 
dent that the dendrites have not been completely obliterat 


during the subsequent cooling through the austenitic 







eee 
ene 


the transformation zones. On the other hand, the dend: 
still must have lost something of their individuality, as 
insidious mesh was allowed to cut through their bodies 

In his previous writings the author has always ins: 
on the importance and brought forward the idea, that a 
drite is not only a chemical, but a_ crystallographical ent 
as well’. 







The chemical nonhomogeneity of the dendrites, result: 


sometimes in coring, but usually in the small pits bron; 


t 





into evidence by macro-etching, remains’ substantially 









changed from the solidus line down to atmospheric tempe: 
ture. This is the reason that a suitable macro-etching rev: 
on the same specimen, the same dendritic structure, no matt 
what the intermediate treatments were. 

A very comprehensive study of the subject, based on 
shop practice of the Poutiloff steel works in Russia, was pu 
lished in 1910 and 1912 by the author’s friend and colleagu 


the late N. I. Belaiew, then metallurgical engineer at 









works and in charge of all the heat-treatment operations’. 
N. I. Belaiew collaborated with the author in his first « 
perimental researches on the crystallization of steel, conduct: 
in the spring of 1907 at the steel foundry of the Poutil 
works, and the author desires to put on record his indebt 
ness to the invaluable assistance rendered by his late frie 
He would also like to take this opportunity to direct 
tention to the great importance of N. I. Belaiew’s research 


For 2 aie eae ahaa enamel ailiae ares xd eeibiel 
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vhich proved without a shadow of doubt, that the dendritic 
ystems of primary crystallization are extraordinarily stable, as 
indeed, the nonhomogeneity of the solid solution. Further, 
e demonstrated that the usual shop practice heat treatments, 
ke annealing, tempering and quenching do not suppress or 
ven modify the dendritic structure, so that after a complete 
ycle of such treatments the final macro-etching reveals again 
the same original structure’. 
The same results were arrived at quite independently by 
Giolitti, and interesting data on the subject was published 
n his book on heat treatment of mild steel, and more es- 


1 the “Relationship between Dendritic 
Structure and the Ferrite Mesh,” contributed in 19207. 


ecially, in his paper or 


A comparison of the results published by the author in 
his thesis and in other early papers with those obtained by 
\N. I. Belaiew, and finally, with those of Giolitti, shows first, 
that the chemical nonhomogeneity of the dendrites remains 
unaltered under the usual heat-treatments used in shop and 
laboratory practice; secondly, it shows that one and the same 
dendritic system can be associated with an unlimited number 
f different networks with meshes largely varying in size 
ind in character. It follows that there is no relation be- 
tween the dendritic structure and the ferrite mesh". 

It is a matter of great satisfaction to the author to find 
himself in close agreement on that important, but rather con- 
troversial point, with the eminent Italian metallurgist. It 
seems to him, however, that a further step must be taken and 


the implicit inference drawn, that, while the chemical compo- 


sition of the dendrites remains unaltered, their crystallographic 


“integrity” is destroyed and, therefore, the ferrite mesh de 
pends on a new crystallographic unit—the gamma-grain, or, 
is the author calls it, the granula. 


On that point there does not seem to be any real diver- 
gence of opinion between the views of the author and of Gi- 
olitti. The only difference is that Giolitti 


is less explicit 
on the matter. So he says: 


“Unquestionably these two sys- 
tems of crystals, dendrite and mesh, are morphologically in- 
lependent during simple reheating to 900 degrees Cent. (1652 


degrees Fahr.). Therefore, if ferrite mesh is dependent upon: 
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Fig. 8—Tschernoff’s crystal. Carbon 0.60 per cent. This 
of the excess element in the structure of large crystals. 
‘“‘Network structure’? showing the continuity of the excess element in the netw 
structure. Alloy No. 5, carbon 0.60 per cent. Ferrite and pearlite. x 40. Fig. 
‘‘Widmanstatten structure.”’ Widmanstatten figures reveal octohedral cleavages of 
gamma-grain. Alloy No. 8, carbon 0.55 per cent. x 4. 


shows the discontinuit 
Ferrite and pearlite. Fig. 


a system of primary crystals, the primary crystals, in turn 
must be independent of the dendrites developed by deep 
etching’’*, and further: “So called granulas or coarse crys 
tals in the fracture are certainly not essentially due to the de 
velopment of the fir-tree crystals, but rather, are connected 
very closely with the state of the ferrite meshwork,”*™ 





~-s') 
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In the author’s opinion, the “primary crystals” referred to 


the first instance and the “so-called granulas or coarse crys 


in the second, are the gamma grains or granulae; he, 


in his previous writings, suggests the name ot 


irther, as 
austenitic 


anulation for the process in the 
estroying the crystallographic unity of the dendrite, brings these 


region, which by 


ew units into being. 


THE GAMMA-GRAIN OR GRANULA 
the gamma-grain. 


the morphology of 
a body 


Let us study now 
\ crystalline grain is an allotriomorphic crystal, 1.e. 


uilt up of crystalline matter, but not possessing the form 
a regular polyhedron. The internal crystalline matter is 
mmetrically arranged in space in accordance with one or the 
ther space lattice, and is uniformly orientated in every grain; 
it orientation, however, changes from one grain to the other. 
in establishing the nature of the 


The first task, therefore, 
the crystalline arrangement 


cainma-grain is to bring into evidence 
the matter inside the grain. 

The most suitable method for that purpose proved to be th 
nethod of secondary structures. Many years ago Osmond ex 
essed himself on the subject as follows: 

“When a liquid or a soltd deposits successively, several solid 
hases, the secondary and tertiary masses often preferably lodg« 
between certain of the crystallographic planes of the primary de 


posit and thus illustrates its structure.’’* 


Thus it is to be expected that under suitable conditions the 
iner crystallography of the grain may be made apparent. As 
such conditions are present when the 
ig. 10 shows how the excess 
in Widmanstatten 
Thus the cleavage 
On the other 


hown by the author, 
\Vidmanstatten structure occurs? 
errite has been arranged inside every grain 
ligures, representing the octahedral sections’®. 
planes of the gamma-grain are octahedral planes. 
and, for substances crystallizing in the regular system, the oc- 
urrence of octahedral cleavage is a sure indication of the face- 
‘ntred cubic lattice. 

To sum up, we may say that the matter inside every ferrite 


hell is arranged in a regular manner, according to the face-centered 


ittice of the regular system and is, therefore, a crystalline body. 
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Consequently, the volume inside every shell is a crystalline 


or granula’’. The next question which naturally arises is, w! 
and where does the formation of the gamma-grain take place ? 


Pl 


As previously stated, it cannot take place in the transforn 
tion range, as the occurrence of the Widmanstatten figures p 
tv a previously existing orientation. What the author actua 
means is this: When the alpha-ferrite is forced to crystall 
out on the spot, it has no other option other than to lodge 
self in the cleavage planes of the matrix; this is what it d 
The cleavage planes clearly belong to the symmetry of the 
ready existing matrix and not to that of the new deposi 
Therefore, the cleavage planes, and generally speaking, 
octahedral symmetry must have been in existence before the 1 
deposits came into being, 1. e. before the transformation range 

If the existence of the gamma-grain can thus be traced 
the austenitic region, it is important to determine whether t! 
can be done throughout the whole of it, up to the solidus li 
or, whether, the formation of the gamma-grain occurs in regi 
immediately preceding the transformation range. 

A direct answer to this query is furnished by the experime: 
of Professor A. Baykoff, of the Polytechnic Institute in Pet 
grad'*, Independently from Ocmond, he used the same met! 
of etching specimens at high temperature with hydrochloric ac: 
iin the absence of air. Baykoff followed up this line of researc! 
studying the structure of metals “in situ,” so brilliantly inaugurate 
by Saniter’®. By a series of experiments on steels of chemica 
composition varying from that of 0.12 to 1.94 per cent carbo 
and extending through the whole range of temperatures from &/ 
up to 1120 degrees Cent. (1598 to 2048 degrees Fahr.) he h 
been able to prove the existence of polyhedral structure, and coi 
sequently, of the gamma-grain throughout the austenitic zone u 
to as high a temperature as 1120 degrees Cent. (2048 degre: 
Fahr.). 

The etching thus obtained, remains unaltered through cool 
down to the room temperature and can be examined under tli 
microscope. The various photomicrographs bear a striking rese! 
blance to the structures obtained by Maurer, and likewise, to t! 
polyhedral structure of the austenitic alloys. 

It follows that at temperatures as high as 1120 degrees Cent 








201 


48 degrees Fahr.) the gamma-grain did already exist, and 
nsequently, the granulation process had also taken place. That 
ngs us up to the upper part of the austenitic zone. rather 
se to the solidus line. It is to these regions that we have to look 
the traces of the gamma-grain in specimens cooled down 
wly from the melt. 

As intimated by the author in his early writings*®, the granu 
ion process, being a recrystallization process, will be governed 
the laws of Tammann, for the spontaneous velocity of the 


gination of nuclei and the linear velocity of crystallization. In 


] 1 


as in other metals, the first is rather low at higher tem 
ratures (under the solidus line) and increases up to a certain limit, 
the fall of the temperature; the linear velocity, on the other 
nd, attains greater values at higher temperatures. Therefore, 
the process of granulation starts at a very high temperature, 
number of nuclei will be relatively small and the grains few 
large. That will be the case of alloys cooled down from the 


for instance, the alloy No. 5 and generally, that of the cast 


On the other hand, if a specimen is raised to a temperature 
he transformation range, the number of nuclei will be 


above 1 
ery large and the size of grains very small. That is the reason 
in rails and like articles, the granulation leads to a network 

a comparatively small scale, and the same granulation in the 
loys prepared by the author, or in those examined by Giolitti 

vives rise to granulae several millimeters wide, so that the whole 
ieshwork is perfectly visible to the unaided eye. 

Regardless of the size of the granulae, even though macro 
pic they have no relation to the dendritic structure. It follows. 
it regardless of the temperature of the upper limit of the 
ranulation zone, the process is different from that of primary 

rystallization. Consequently, some modification of the usual equi 
brium diagram seems necessary to fit in the observed facts of the 
ranulation process??. 

These and similar considerations influenced the author, whea 
livering a lecture to the Institute of Aeronautical engineers 


1920) on the structure of steel, to suggest that the process of 


‘ranulation might be linked up and even caused by the allotropic 


hange in iron, i. e. by the appearance of a new phase”, 
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An allotropic change in iron in the upper austenitic r. 
was suspected as long ago as the nineties of the last cen} 
KK. J. Ball in a paper “On the Changes in Iron Produced 
Thermal Treatment,” read before the Iron and Steel Institut 
1890, drew attention to a third “new” point on the thermal cu 
at about 1300 degrees Cent. (2372 degrees Fahr.)** and added 
following remarks: ‘‘What the change is which occurs at 
critical point must be the subject of further examination, but 
point itself is most distinct, and the change in the nature of 
metal, which reaches its maximum at this temperature, mu:t 


very considerable, as indeed, the above experiment shows.” 


A most significant observation was further made in the 
cussions on that paper by A. Wingham, who said, that it app 
from Dr. Ball’s paper, “that the iron at very high temperat 


but below melting, changed, again into a form having proper 
which might be similar to those of the original modification.’ 

How suggestive these remarks seem to us now, in the light 
recent X-ray examination of the atomic structure of alpha-gami 
delta-iron, but then, apparently, they could not be appreciated, 
tor a considerable period, the interest to the upper austenitic 
gion was dying down. 

Mention must. be made, however, of the efforts of Profe 
A. L. Baboshin, of the Petrograd Mining Institute, to revive t 
interest and to link up the processes in this region with Tscherno 
point “‘b”. A series of most suggestive articles were published 
Baboshin on the subject, in the proceedings of the Russian Met 
lurgical society and, lately, in his comprehensive treatise on 
metallography and heat-treatment of iron and steel*®. 

Various reasons, however, deflected the attention of the met 
lurgical world from the path opened by these researches, and it 
to the lot of Messrs. Ruer and Klesper to rediscover the allotro; 
transformation in the upper austenitic range and to definit 
prove the delta-gamma change in the alloys of iron with carb 


7 
= 


and some other elements 
A further step toward establishing the nature of gamma-a 
delta-iron was furnished by the X-ray researches of Westgr 


and Phragmen**. X-ray photographs taken of an iron wire heat 
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300, 1100 and 1425 degrees Cent. (1472, 2012 and 2597 degrees 
r.) have shown that at the former and at the latter temperatures, 
iron has a body-centered cubic lattice and at 1100 degrees 

2012 degrees Fahr.) a face-centered cubic lattice. 
With reference to the atomic structure of gamma-iron, these 
arches in common with the evidence furnished by the Widman 
ten structure, show, that that structure is a face-centered one. 

y also show, that at temperatures investigated by Baykoff, the 
ima structure persists. 


When speaking on the structure of delta-iron, Westgren says: 

strange fact is thus proved, that the lattice transformation 
takes place at 900 degrees Cent. (1652 degrees Fahr.) (A3) 
52 degrees Fahr.) (A 4)?’. 


reversed at 1400 degrees Cent. (25: 
author would like again to draw attention, how similar, even in 
ding, this statement is to that made by A. Wingham, when dis- 
ssing Ball’s paper in 1890; he puts it as follows: “The iron 
very high temperatures, but below melting, changed again into 
form having properties, which might be similar to those of the 
riginal modification.” 

It follows that at high temperatures the atomic structure 
iron is the same as below 700 degrees Cent. (1292 degrees 
hr.) and that only in the austenitic range the lattice is different. 
other words, the primary dendrites of pure iron undergo an 
lotropic change in the upper part of the austenitic zone. 


If the delta transformation could be traced further down from 


ire iron to carbon steels, the granu'ation process (in alloys 
led down from the melt) would be definitely linked up with 
he delta-gamma change. According to Ruer and Klesper, however, 


transformation may be traced in low-carbon alloys only, and 
iter 0.36 per cent carbon, ceases altogether (Fig. 11). It fol- 
lows, as if in steels of higher carbon content, than the already 
licated 0.36 per cent, the delta-gamma transformation would 

play any part at all. 

The author thinks, however, that what has been said in para- 
iph 2, with reference to the macrostructure of steel, might to 
ertain degree modify this contention. As stated above the non- 
iogeneity of the dendrites is a very seriously established fact; 
refore in alloys considerably richer in carbon than 0.36 per 
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cent the influence of the delta-gamma transformation might 
be felt and the subsequent structure influenced by it. 
There is another consideration, which tends to show that 


possible influence of the delta-gamma transformation on the gra 
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Fig. 11—-Diagram showing the delta-gamma trans 
ormation in iron-carbon alloys. (After Ruer and 


Kle sper). 


lation process is not to be minimized, that is, the remarkable coin 
cidence of equilibrium diagrams of the iron-carbon and the iron- 
nickel alloys. In both cases, under suitable conditions, a well de- 
veloped Widmanstatten structure occurs; for example, that of the 
alloy No. 8 in the former and the meteorite structure in the latter 

As shown by the author elsewhere®, the occurrence of Wid 
manstatten structure is facilitated in both cases by the previous 
granulation. On the other hand, as shown by the last researches 
of Hanson and Freeman*, the delta-gamma transformation also 
occurs in the iron-nickel series (Fig. 12). So it appears, that 
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in the two cases most typical for the development of granulation, 
ealed by the Widmanstatten figures, a delta-gamma change is 
ent. 


On the other hand, there is one crystallographic consideration 


ich appears to the author to be important, but which can not 
fully accounted for; that is, the primary fact of the octahedral 
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Fig. 12—Equilibrium diagram of iron-nickei 

(After D. Hanson and J. R. Freeman, Jr., 
crystallization of the dendrites. In ‘“pre-lattice’” days, metallo- 
graphers were unanimous in accepting the fact that dendrites and 
single crystals clearly revealed the octahedral structure of iron. 
Now, if we translate that in our “post-lattice” language, it will 
mean, that single crystals and dendrites crystallize in the face- 
centered cubic lattice, like gamma-iron. That, in turn, will bring 
us to the conclusion, that either delta-iron crystallizes in the 
face-centered lattice, or that there is no crystallographic difference 
in the structure of the dendrites and the granulae. 

As, according to Westgren, delta-iron crystallizes in the cube- 
centered lattice, the first is not the fact. The second alternative, 
as discussed above, also does not fit in with the established fact 
of the general appearance in alloys, cooled down from the melt, of 
the network structure versus that of large crystals. 

The author, therefore, suggests the following tentative ex- 
planation until new and conclusive evidence is brought to light; 
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in very low carbon steels dendrites of delta-iron may be suppo 


separate from the melt and to crystallize in the body-ce: 
lattice. On the lines of research of Osmond, these dendrite 
be, further, supposed to be dendritic colonies, for instance, 
of cubes of the same dimensions, united by one face with 
ciding centers*’. 

In series of more than 0.36 per cent carbon the outer form 
dendrites will no longer be that of the cube, but of the octal: 
as required by the face-centered lattice. However, as sug 


oO 
S 


above, the inner layers of the dendrites, even comparatively 
in carbon, would be of concentrations lower than 0.36 per 
and consequently, will undergo the delta-gamma_ transform 
Such transformation inside of the dendrites may account for a 
tain tendency for rearragement of molecules, or even of 
mentary crystalline elements, and would result in a certain 
conmmodation” between adjacent branches of interlocking dend 
finally giving rise to crystalline volumes of more or less granula 
appearance. An explanation on these lines, while accounting 
for the influence of the delta-gamma transformation, also exp 
the reason that in the case of alloys cooled down from the 

the size of the granulae is macroscopic and on the same scal 
the dendrites. It might also account for the fact that the dend 
of very low carbon content are never well defined and 1 
give the same sharp and regular outlines as in steels riche 
carbon. 

In closing these suggestions, the author would like to | 
it perfectly understood that they are only made with referenc: 
castings and alloys cooled down from the melt. As to usu 
treated articles, the granulation process stands in no relation 
the delta-gamma transformation, as then granulation occurs alte! 
reheating during cooling down from the austenitic range and 


consequently, a gamma-process in its pure substance. 
SUMMARY 

1. The dendritic structure, as revealed by macro-etching 
an extremely stable one. It persists under the usual heat-treatme! 
like tempering and quenching, and can be brought back, afte: 
complete cycle of such heat treatments (N. I. Belaiew). 

2. If the elements of secondary crystallization, ferrite 
cementite, lodge themselves according to the symmetry of 
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‘endrites, a structure arises called the structure of large crystals. 
\Vhen examined by the unaided eye, it shows a complete identity 
of picture with the dendritic structure. Under the microscope the 
most characteristic feature is the discontinuity of the excess element 
(ferrite or cementite), which has segregated into pseudo-dendrites 
(cementite), or in small isolated islets (ferrite). 

The structure of large crystals occurs either in steel very 
rich in carbon, or in single cry.tals, and therefore, is not of usual 
occurrence. 

3. In usual steel articles or in most of slowly cooled specimens, 
the usual structure is the network-structure. The character and dis 
tribution of the meshes is the same in the former as in the latter; 
the difference is only in scale. Under the microscope this structure, 
in contra-distinction to that of large crystals, is characterized by 
the continuity of the mesh, and consequently, by the continuity of 
the outer shell of the excess element round the inner nucleus. 


4. The Widmanstatten figures in the Widmanstatten struc 
ture are octahedral sections. They point to the octahedral cleavages 
of the inner crystalline mass inside the shell. Thence, that mass 
is an allotriomorphic crystal, and moreover, crystallizes in the face 

ntered cubic lattice. The author calls this crystalline grain 
mima-grain or granula. He calls granulation the process leading 
to its formation. 

5. According to Osmond and Baykoff, the existence of the 
gamma-grain is to be traced up to 1120 degrees Cent. (2048 degrees 
fahr.) in the austenitic zone. Consequently, the granulation process 
originates in the upper part of the austenitic zone. 

In steel articles, usually treated, i. e. heated to a certain tem- 
perature in the austenitic zone and then cooled down at a certain 
velocity, the granulation process develops in function of the maxi- 


mum temperature and the rate of cooling. The number and the 


size of the gamma-grains are governed by the Tammann laws for 
spontaneous and linear crystallization. According to various re- 
searches, among them those of Giolitti and the author, the mesh of 
the secondary element bears no relation to the 
structure. 


6. 


1 
he 


orginal dendrit:c 


In castings and in slowly cooled steels, according to Giolitti 
and the author, the ferrite mesh still has no relation to the structure 


OT 


the dendrites. But, owing to conditions of cooling, the number 
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of nuclei of recrystallization is small and the linear vel 


large. Consequently, the number of granulae is small, th 


becomes large and the whole structure is macroscopic, genera 
the same scale as the dendrites. Therefore, sometimes. on 
comprises several dendritic systems, and sometimes, cuts throu 
dendrite. 


7. A granulation process, similar to that of steel 
similarly revealed by Widmanstatten figures, occurs in iron 
series in meteorites. In both iron-carbon and _ iron-nickel 
a delta-gamma transformation has been discovered. [1 
series, the transformation occurs in alloys rich in iron. 
gestion is put forward by the author explaining, how the 
gamma transformation might account for the occurrence of 
lation in alloys cooled down from the melt. 
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MOLYBDENUM STEEL—SOME PRODUCTION DATA 


By E. W. Pierce 


4 lhstrac t 


The merits of molybdenum and chromium as alloy- 
ing elements im_ structural steels, as compared with 
chrome-iickel steels, is the subject of this paper. <A 
discussion of the physical properties of these two types 
of steel 1s included. Definite figures on the machining 
costs of chrome-nickel and chrome-molybdenum connect- 
mg rods are incorporated as the basis for determining thi 
adaptability of these types of steels for automotive uses, 

Heat treatment temperatures, Brinell hardness num- 
bers, physical properties and microscopic. structures ob 
served, are likewise given. 


ee as an alloying element in steel has been 


found to be of great advantage in a variety of grades of 


steel, both in high-speed steels and regular structural types. The 


value of molybdenum as an alloying element has been under dis- 
cussion for some time and many tests, both laboratory ahd pro 
luction, have been carried out to ascertain its merit. 

In this discussion, a brief review of physical data will be 
given concerning the commercial types of molybdenum steel, in- 
cluding accurate and definite machining data which has been com- 
piled from regular production tests. It is not the author’s intention 
to enter into a discussion of the relative merits of the different 
teels as to their application in different automobile parts, except 
is noted above. 

The manufacture of molybdenum steel will not be touched upon 
inasmuch as a great amount of data can be obtained on this sub- 
ject elsewhere. Given a good uniform and homogeneous steel free 

m inclusions, we are directly concerned with its physical prop- 
ties, its adaptability to structural design and the actual cost of pro- 
luction and fabrication. 


\ paper presented before the Indianapolis chapter of the Society, April, 
The author. E. W. Pierce, is metallurgist with the Maxwell Motor 
ration, Newcastle, Indiana. 
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Molybdenum steel was introduced into our plant to be 
in the production of connecting rods to bring about; 
1. Cleaner forgings with less rejections, 


2. Better heat treating, 
3. Machinability at greater speeds, 
4. Machinability with lower tool costs. 
At the time of introducing molybdenum steel into regu 


production, a chrome-nickel steel, S. A. E. 3135 was being u 
All connecting rods made of the molybdenum steel were trea 
to the same Brinell hardness as were those of the chrome-ni 
type. At a given Brinell hardness, the molybdenum steels s| 
higher physical properties. 

This is better demonstrated by a series of tests made by C 
Dawe’ from which the following is taken. 


Yield Point Ultimate Str. Elong. in Red 


Temperature Degrees Fahr. lbs. per Ibs per 2inches Area M 
Steel Quenched Drawn sq. in. sq. in per cent per cent 

Chrome 
Molybdenum 1550-1650 1000 147,900 157,600 20.3 57.0 
Chrome— 
Nickel 1475-1575 10:00 103,360 123,036 18.7 61.1 
Chrome— 
Molybdenum 1550-1650 1100 118,560 131,900 24.0 64.4 
Chrome 
Nickel 1475-1575 1100 87,720 110,492 22.3 65.5 f 


From these figures it is evident that the chrome-molybden 
steel has the higher combination of physical properties. 

A second consideration must be given to the manner in wl 
this steel can be handled. Forging, heat treating and machin: 
are the main factors. To compete, this steel must, therefore, w 
as easily under the hammer and produce as clean forgings at us! 
temperatures as do the other types of steel. Also the heat trea 
ments required, must be within the same working ranges. 1! 
finally, the rate and manner in which the steel can be machin 
determines its adaptability. 

The figures compiled herewith are based on a production 
of 23,000 connecting rods made of chrome-molybdenum steel 
ured against a production run of 112,000 connecting rods made 
chrome-nickel steel. The analysis of the two types is as follows 


Actual analysis 


Specified Limits chrome-moly| 

S.A.E. 4130 S.A.E. 3135 denum ste 
See once ke cok 25 - .35 .30 - .40 30 
Manganese 40 - .60 50 - .80 40 








1. Journal of Society of Automotive Engineers, 





January, 1922. 
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Phosphorus .... 04 04 

Sulphur 045 045 

Chromium 50 - .7 45 - 75 51 
Nickel 1.00 -1.50 
Molybdenum ... ‘ae = Be 24 


Microscopic examination showed some slag, but to no greater 


tent than that of the average open-hearth steels. 


LORGINGS 


From the entire heat of 88,000 pounds, there were no rejections 
the shears for pipes, seams or surface defects and the steel was 
ry suitable for forging. The steel flowed well under the hammer 
| freed itself from scale with the first blow. It had a somewhat 
ider heating range, thus reducing its susceptibility to burning. 
here were less rejections for forgings not filled out, and on the 
iole cleaner forgings were produced. In actual figures the re- 
tion for forging defects was reduced from 5.5 to 2.6 per cent. 
e hammermen reported that this steel could be worked much 
re readily than the chrome-nickel steels. However, a longer 
riod of time of heating was required to bring the steel up to 
iniform working temperature. 


HEAT ‘TREATING 


Very little trouble was experienced in the heat treating of 
is material. The treatments used were: 


Normalized Quenched Quenching Tempered 
Degrees Fahr. Medium Degrees Fahr. 

0 Oil 1180 

5 Water 1250 


1600 155 
1650 157 


This heat treatment produced a good sorbitic structure. 
rinell hardness number limits, after heat treating were 217-241, 
ich rod being tested. The average rejection for the chrome-nickel 
teel was 11.7 per cent, and for the chrome-molybdenum steel, 10.8 
r cent, thus showing a reduction of 8.0 per cent. 

Difficulty was at first experienced with pickling, due to the 
ct that the acid would not remove the scale in the channels of 
e rods. This was overcome by using a special crate, and stacking 

rods vertically, so that the scale would be entirely removed 
om them and settle to the bottom of the tank. 
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MACHINING 


The following figures taken from the more important 0; 
tions, were based on machining 20,000 chrome-molybdenum 
180,000 chrome-nickel rods. 


A Ver 

Life number 

Percent of tools pieces 

Speed Chrome- Chrome- grind | 

Operation Increase Nickel Molyb. cent Incr 
Drill 17/32 inch .... Normal 53 
Drill 17/32 inch .... 7 bas 101 
Drill 17/32 inch ... 23 a 77 
Drill 17/32 inch .... 29 a 55 
Ream 9/16 inch .... Normal 37, 507 
Ream 9/16 inch ... 7 a 1,312 
Ream 9/16 inch .... 23.. ne 1,065 
Ream 9/16 inch .... 29 - 873 
Bore (shell reamer) . Normal 203 
Bore (shell reamer) . 7 ai 644 
Bore (shell reamer) . 29 a 370 
Drill 13/32 inch .... Normal 67 
Drill 13/32 inch .... 34 ae 94 
Tap 3/8x24x12 .. Normal 866 
14 Tap 3/8x24x12 ... 34 , 1,264 


CO OO DW WD W DN DH DY DV DO LW DO DO 


— 
+ 


Difference 
in tool Difference 
cost per piece. in speed 
Per cent Per cent Per cent 
gain—Chrome- gain—Chrome- Increase 
Operation molybdenum molybdenum Production 
No. 2 Drill 14.6 29 26 
No. 2 Ream 127.8 29 26 
No. 3 Bore 411.2 29 25 
RE ae wien, 494.0 34 9! 
No. 14 Tap 1,318.0 34 9 


From this machining data, the following machining-operatio! 
analysis is made. On drilling and reaming operations at an increas 
speed of 29 per cent, an increase in the number of pieces per grind 
was 15 per cent for drilling and 134 per cent for reaming. [hi 
boring of the large, or crankshaft, end was the most severe operation 
On this job a shell reamer was used. At an increased speed of 2% 


per cent, there was an increase in the number of pieces per grind 


421 per cent. 

On the drilling of the holes for the cap bolts, an increas: 
speed of 34 per cent was used, with an increase of 488 per cent 
the number of pieces per grind. Then on the tapping operatio! 








MOLYBDENUM STEEI 
molybdenum steel was very adaptable. At the increased speed 


34 per cent, an increase of 1320 per cel 


t per tap was noted. 


Toot Costs 


In comparing the tool costs on the e same operations, it is 
irther noted that the gains for the molybdenum steel were 14.6 
er cent for drilling, 127.8 per cent for reaming, 411.2 per cent 
r large shell reaming, 494 per cent for cap bolt drilling and 
1318.0 per cent for tapping. 


At normal speed chrome-nickel S.A.E. 3135 per piece.... 041051 
At 34 per cent increase speed chrome-molybdenum S.A.E. 

4130 per piece ......... - ... 026275 
Net gain for chrome-molybdenum 014776 


PRODUCTION Costs 


The total amount of time required to do this machining was 
reduced 22 per cent. The exact figures are as follows: 


Average cost per rod chrome-nickel Direct labor . 06239 
Average cost per rod chrome-molybdenum Direct labor.... .04855 
Net gain direct labor per rod . pattie . 01384 


In the straightening operation it was found, that the molyb 
lenum steel bent much more easily than did the chrome nickel steel. 
lo determine if possible, the cause of this difference, bend tests 
were made. 

Deflection load curves were drawn from the results obtained 
in bending sample rods between two supports, 5 inches apart, with 
the web in the horizontal plane. These results are as follows: 


Chrome- Chrome 


molyb. nickel 

Bending moment at elastic limit in inch 

NE ee a a diane a ics bn eee 3,650 3,150 
Deflection at elastic limit ............. 0.037 0.024 
Load applied at center at elastic limit 

EST aE ey ee 1,460 1,260 
Area of cross section at similar points 

in I-beam section im square inches 

(measured by planimeter)....... - ().275 (),275 


The molybdenum steel rods proved to be 16 per cent (500 inch 
ounds) stronger than the chrome-nickel rods, and deflected about 
64 inch more before reaching its elastic limit. 


















TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 


As pointed out in a comparison of physical properties, 
chrome-molybdenum steel shows a greater elongation or 


ors 
=, | 


tendency to ductility, therefore it straightens more easily. 


This data has enabled the writer to arrive at some definite 


positive figures on actual machining costs in respect to molybd 


steels, and it is pointed out, that there is little doubt of the ad 
bility of molybdenum steel from a machining standpoint, as a n 
of reducing tool costs and direct labor costs. 





THE PRESENT STATUS OF MAGNETIC ANALYSIS* 
By R. L. Sanford 


Abstract 

The magnetic analysis of materials, for the determi- 
nation of their physical properties, has been studied by 
many imvestigators for a considerable period of time. 
The author makes reference to the numerous types of 
testing equipment which have been developed in_ the 
study of spectal shapes and types of material, and has 
reviewed the history of magnetic studics of Varlous investi- 
gators. He points out both the advantages and disadvan- 
tages of this method of testing and makes a plea for 
more scientists to enter this field of investigation. 


INTRODUCTION 


tS possibility of utilizing magnetic methods for the nonde- 


structive testing of iron and steel, and their products, has 


ng been a subject for speculation and experiment. The development 
such nondestructive testing methods must of necessity be based 
ipon certain definite laws of correlation between magnetic properties 
nd other physical properties. ‘The establishment of such definite 
rrelations, however, requires the carrying out of a large amount 
f research of a fundamental nature. In view of the evident 
mplexity of the subject and in the light of the unsatisfactory 
tate of knowledge, even of the fundamental nature of magnetism 
elf, the apparent slowness in the development of such methods 
not to be wondered at. The certainty that such definite relation- 
ships must exist, however, and the benefit which would result from 
the satisfactory solution of the problem give ample justification 
for the expenditure of a large amount of effort in this field. 
In a paper presentedl before the American Society for Testing 
Materials in 1914, Dr. Mathews’ concludes 
“Have we not maintained our thesis that the fascination of 


lagnetic investigations lies in the frequency of unexpected results? 
1. The numbers refer to the bibliography which appea it the conclusion of the 
*Published by permission of the Dir 
ted States Department of Commerce, 


ctor ot the sureau f Standards of the 


A paper by R. L. Sanford, physicist and chief of the magnetic sec- 
on of the U. S. Bureau of Standards, Washington, D. C. 
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But unexpected results are not necessarily incapable of expla 


tion. ‘They are unexpected because we do not know the ‘rul 
the game,’ and because our mental conceptions of the relation 
between physical properties and magnetic properties are in er 
here must be laws governing both. Can we discover the 
Evidently our fundamental information in regard to the magnet 
habits of steel and alloys is insufficient. Who will supply 
missing knowledge? The author hoped to do so, unaided, 
now recognizes the immensity of the task and contributes 
mite in the hope that others will do likewise and that further 
vestigations will be stimulated by the results herein recorde 
In this statement Dr. Mathews struck the very keynote of 
whole problem, It is becoming more and more apparent that 
must improve our mental conceptions of the relationship betwe 
magnetic properties and other physical properties, and add mu 
to our fundamental information in regard to the magnetic characte 
istics of iron and steel before much more rapid progress cai 
be expected along the line of practical application. 

Since the presentation of the paper just referred to, mu 
progress has been made, as evidenced by the published re ult 
of numerous investigations and a number of practical applicatio: 
description of which have not appeared in the technical press 
It would seem, therefore, that it might be worth while at thi 
time to review briefly the progress of magnetic analysis during 
the past decade and to indicate in a general way its present 
status, 

In 1916, Burrows* published a paper in which he gave 
excellent resume of the work done up to that time on the correlatior 
of magnetic properties and other physical properties. In tl 
light of the results there recorded he states that the experimental 
evidence “seems to point to the conclusion that there is one and 
only one set of mechanical characteristics corresponding to a give! 
set of magnetic characteristics, and conversely there is one an 
only one set of magnetic characteristics corresponding to a give 
set of mechanical characteristics.” This oft’ quoted statemen! 
aroused a considerable amount of interest in magnetic anayls 
which led in some cases to experimental investigations of a co! 
structive nature, and in others to an attitude of “impatient expect 
ancy” on the part of those who could readily apprecfate the great 
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ue of successful practical application but who had an inade- 


conception of the magnitude of the task. It is to be re 


tted that this attitude has been fostered in some cases bv 
travagant claims not warranted by the evidence 


upon which 
se claims are based, 


In discussing past progress and present status of magnetic 
nalysis no attempt will be made to follow any chronological se 
uence but instead the subject will be treated under the general 
headings of (1) Methods of Measurement (2) Correlation of 
Properties (3) Thermomagnetic Analysis (4) Applications. 


METHODS OF MEASUREMENT 


It is not within the scope of this article to describe the techni 
il details of various methods of magnetic measurement, Some 
apparatus has been developed, however, especially to meet the needs 
of investigators in the field of magnetic analysis. The development 
of these methods, therefore, constitutes one element of progress along 


this line. In this connection, reference is made only to methods 


and apparatus for determining the magnetic properties of samples 


of material under laboratory conditions and not to apparatus de- 
vised for special purposes. These will be treated under the head 
ing of applications. 

For a number of years prior to the present development of 
magnetic analysis, the Burrows permeameter was considered the 
standard instrument for the magnetic testing of straight bars. This 
apparatus, however, requires two specimens of the same material 
and is very sensitive to any lack of magnetic homogeneity along 
the length of the sample. It also requires two adjustments to com- 
pensate for the effect of the yokes and is consequently somewhat 
complicated to operate, especially for the determination of po‘nts 
on the hysteresis loop. This condition led to the development of 
he Fahy permeameter®, a compensated instrument requiring only 

single sample and being less complicated to adjust than the 
Burrows. With this instrument most of the data on correlation 
f properties published by Burrows and Fahy’? was obtained. This 
ermeameter is capable of good accuracy but still requires com- 
ensation for satisfactory results. Fahy later brought out the 
ihy Simplex Permeameter* which requires only a single speci- 
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men and no compensation. This instrument is much less ¢ 
cated and more simple than the earlier type and has been us 
a number of investigations. Several adaptations and modifi 
of this apparatus have been used in investigations on practic 
plications. 


In many cases it has been found desirable to extend the 


of magnetizing forces used in testing to values higher than 


attainable by. the usual methods. In order to meet this ni 
modification of the Ewing isthmus method was developed 
Bureau of Standards'***. With this apparatus measurement 
be made with magnetizing forces extending to 3000 gilbert 
centimeter, which is generally sufficient to produce saturatio 
requires a sample 6 millimeters in diameter and its appli 
has thus far been limited to fundamental investigation. 

In many cases, where alloys of exceptional purity or 
composition are to be studied, only a small amount of mate: 
available and consequently the ordinary types of apparatu: 
not be used. The high induction apparatus just mentioned 
take a small sample but its accuracy is not satisfactory for \ 
of magnetizing force below 100. In order to overcome this 
ficulty a “magnetic comparator” has been developed at the Bu 
of Standards?’, This apparatus yields satisfactory result 
samples 6 millimeters in diameter and 10 centimeters long, 
requiring only about 25 grams of material. 

The addition of these methods to the ones already avai! 
prior to 1914 should do much to facilitate the collection of c 
lation data of a fundamental nature. For an excellent descrip' 
of the available methods of magnetic testing the reader is refe 
to a paper on this subject by Spooner®’. 


CORRELATION OF PROPERTIES 


The statement has been made that we need not await 
establishment of the complex relationship between the mag! 
and other physical properties of iron and steel before procee 
with the development of practical applications. ‘This is true 
general way, but on the other hand, the extent to which mag! 
methods can be utilized, ultimately, will depend largely upon 
extent of our knowledge of the fundamental laws of corresp 
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involved. For this reason active research of a fundamental 

ire is essential in order to realize in the fullest degree the pos- 

lities of magnetic analysis. 

A great many investigations have been carried out in the 
for determining the effect of various influences on magnetic 

perties but it is only in recent years that systematic work has 

n done with the end in view of practical application in a com- 


rcial sense. It is also true that it is only comparatively recently 


t methods of magnetic measurement of an accuracy high enough 
permit of the comparison of the results of different investigators 
a quantitative basis have been available. 
Studies on the effect of chemical composition are difficult 
ing to the great sensitiveness of magnetic properties to the 
ructure and condition of the material resulting from its thermal 
mechanical history. It is difficult even to put two pieces of 
aterial having the same chemical composition into such condition 
it their magnetic properties are identical. For this reason little 
s been done on chemical composition. An article by Ruder? 
the work of Cheney*® along this line do, however, indicate 
a general way the influence of certain chemical elements on the 
ienetic properties of steel. 

The effect of heat treatment on the magnetic properties of 
steel has probably been the subject of the greatest amount of work 
ong the line of the correlation of properties. A paper by Burrows 
nd Fahy*® published in 1919 gives the main results of a joint 
nvestigation on spring steel by the Bureau of Standards and 

Pennsylvania railroad. In this paper many experimental 
ita are given, showing the effect of various heat treatments on 
veral types of steel commonly used in the manufacture of springs. 
\ study of the data presented brings out the close relationship be- 
veen magnetic and mechanical properties of steel although no 
uantitative correlations were established. The results lead to the 
nelusion that any influence which causes a change in mechanical 
roperties brings about a corresponding though not necessarily 
roportional change in magnetic properties. 

The interpretation of the results of correlation experiments 
vas carried a step further by Nusbaum**, who pointed out that 
vhile the same value of maximum induction or residual induction 
ight be associated with quite different mechanical properties, 
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it was possible by means of what he termed the “method of lim; 
values,” to determine which of two states was indicated. This i». 
od involves the use of at least two magnetic characteristics to ; 
pletely locate the material as regards the heat treatment. 


g 


Gebert’® has correla‘ed various combinations of magnetic c! 
acteristics with the results of mechanical tests on the same samples 
and finds linear relationships within certain rather narrow rang 5 
It appears, however, that whenever the heat treatment used 
modify the mechanical properties caused a metallographic trans 
formation in the steel, the relationship shows an abrupt chang: 


Probably the most logical approach to the problem of corre 
lation of properties is through the use of the reluctivity relationship 
This relationship was first suggested by Kennelly** in 1891 and 
has been discussed in some detail by Steinmetz’. This law, which 
holds above a certain minimum value of magnetizing force, depend 
ing upon the material, yields a linear relationship from which two 
constants can be derived which may truly be called magnetic con 


' wi — 
stants. It is found that the metallic reluctivity 3 44— increase: 


linearly with the magnetizing force (H). As the line does not 
pass through the origin it is defined by its slope and its inter 
cept on the reluctivity axis. The reciprocal of the slope of the re- 
luctivity line is numerically equal to the saturation value of metallic 
induction (B-Hy, and the intercept, which indicates the rate of 
approach to this saturation value has been termed the “coefficient 
of magnetic hardness.” This law holds good for pure homogeneous 
substances. If there are present more than one constituent, mag- 
netically distinct, the reluctivity line appears to be composed of two 
or more straight portions having different slopes and intercepts 
This gives a method, then, of judging of the degree of homogeneity 
of the specimen. It has been found? that a similar relationship 
connects the residual induction and the coercive force with the max! 
mum magnetizing force used in their determination. 

The use of the reluctivity relationship for correlation purposes 
is well illustrated in the work of Nusbaum, Cheney, and Scott’ 
Nusbaum and Cheney?*, and Cheney*® . It has since been used 
at the Bureau of Standards in a study of the effects of stress on 
magnetic properties. In this latter connection it appears that 
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be possible to use the relationship in a quantitative way. 
per describing this work is now in preparation. 

The eftect of stress has long been recognized as a disturbing 
ctor in attempts at correlation. Many writers have called at- 
ntion to this factor but it is doubtful if the 


magnitude of the 
rect has ever been fully appreciated. 


The effect of stress is especi 

ly notable at moderate values of magnetizing force such as have 

en used for the most part in correlation experiments. A com 

paratively low value of tension, for instance, is capable of doubling 
\e magnetic permeability in some cases, where the effect which it 
wished to study may be a relatively small percentage. 


It should be evident from the foregoing that scientific research 


of the highest order is necessary for the untangling of the ap- 


parently complicated relationships between the magnetic and other 
physical properties of iron and steel. It is only reasonable to ex- 
pect, however, that the effort required will be amply repaid not only 
in terms of practical application but also in terms of valuabte 
fundamental knowledge which should aid greatly to improve our 
somewhat hazy ideas of the ultimate nature of ferromagnetism. 


THERMOMAGNETIC ANALYSIS 


One line of investigation which would appear to be capable of 
yielding much valuable information regarding the structure of ma 
terials as affected by heat treatment, but which has received little 
attention in this country, is thermomagnetic analysis®. The technique 
of this type of investigation has received considerable development 
at the hands of the Japanese investigator Honda*® and his associates. 
[t consists in the determination of changes in magnetic properties 
which take place during heating or cooling. It has been found 
that the presence of definite chemical compounds in steel 1s indi- 
cated by more or less abrupt changes in magnetization as certain 
temperatures are reached during heating or cooling. These tempera- 
tures correspond to the magnetic transformation temperatures of 
the compounds in question. This line of investigation deserves 
much more attention than it has received, as its use would greatly 
id in many investigations, especially in connection with the phenom- 

. involved in the heat treatment of steel. 
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APPLICATIONS 


It is exceedingly difficult for any one individual to discuss | 


netic analysis adequately from the standpoint of practical apy 


tions. Much of the experimental work that has been done 
this line has not been described in the technical press. A g! 
at the relatively few articles which have appeared, however, 
serve to indicate the great variety of materials and products \ 
have been the subject of investigation. Rails, cutlery, ball 
ing races, ball bearing balls, saws, springs, welds, drills c' 
and rifle barrels are among the products upon which much 
has been done, and it is known that many other products have 
studied by magnetic methods. It is obvious that with su 
variety of objects, each application must be the subject of 
vidual investigation. Not only is a great range of materials r 
sented but also the great variety of shapes to be tested necessit 
the development of special testing apparatus in each case. 

One of the most serious dangers in steel structures is th: 
istence of flaws and imperfections in otherwise satisfactory, 
terial. The presence of such defects has been known in many 
to result in the failure of structures which with perfect mai 
would have had ample strength. In order to discover flaws 
imperfections a nondestructive method is needed which c 
applied to either the raw stock or the finished product, or 
ferably to both. The possibilities of magnetic analysis in 
connection were early realized and methods for detecting flaws | 
received considerable development. 

Intensive work along this line was started at the Bureau 
Standards in connection with some tests of rails which had fa 
in service. Although these first tests by magnetic methods 
unsuccessful, they led to an investigation of methods for deter: 
ing the distribution of magnetic leakage along the length 
specimen of uniform section. This principle of magnetic leak 
measurement has been utilized by Burrows* in the development 
a method for exploring rails. The technique of magnetic 
age exploration has been developed to a high degree of perfe 
and has been applied to the examination of rails’*, raw mat 
for rifle barrels'*®, springs*®, and wire rope, besides a numbet 
other applications which have not been described in any pub! 
tions. 
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[he methods of leakage measurement are extremely sensitive 

indicate very slight variations in magnetic quality along the 
eth of a specimen. They are consequently particularly sensitive 
he effects of stress. This condition leads to the result that non 
form. stress distribution may cause much greater magnetic in 
itions than the flaws which it is wished to detect. Until this 
ficulty is satisfactorily overcome it seems probable that this 
thod will be somewhat limited in its application. 


Experiments looking toward the development of practical test- 
methods on a commercial scale have covered a large variety of 
oducts. In general it has been found that 


magnetic methods 
f value, especially in the hands of 


experts trained in the 
At the present time, however, the 
vs of correlation have not been sufficiently established to permit 
reducing such testing to a formula. 


17 


inciples of magnetic testing. 


Perhaps an outstanding example of research on practical appli- 


ition is the one now under way by the American Society for Test- 
ng Materials Committee A-8 on Magnetic Analysis. A 


++ 


subcom- 
tee was organized in 1920 to study the possibilities of magnetic 


alysis for the testing of twist drills. This subcommittee num- 
red among its members a steel manufacturer, a manufacturer of 
ist drills, and several magnetic testing engineers. The experi- 
nts were planned with great care. The drills were made under 
efully controlled conditions, tested by magnetic methods by 
rious members of the committee and finally subjected to a 
ries of carefully devised cutting tests. 


A progress report of the 
mmiuttee** 


states that so far as the correlation of properties was 
ncerned, the results were for the most part negative. One 
thod of testing, however, was brought out which 


seemed 
ipable of 


further development and the experiments are being 
ntinued. The results of this investigation should not by any 
imeans be considered as discouraging. Much was 


learned of 
e effect of 


various treatments on magnetic properties and a 
‘w method of testing which is worthy of 


olved. 
eems to offer many advantages especially from the standpoint of 
ommercial use. It has been described by del orest**** 


ed it, not only for drills but for other purposes. 


special note, was 
This method involves the use of alternating currents and 


who has 
The use of 
ternating current requires the development of a new technique, 
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but if it fulfills its present promise, results should amply ju 
the effort. 

There is space to do little more than mention the other a; 
cations which have been attempted. The balls**, and races’ 
hall bearings, cutlery and small tools'®, welds®*, saws** and 


rope” 


have all been the subject of investigation, to say not! 


of many other products not mentioned in the technical literat 
Ikach one of these investigations has yielded data of considera 
value which should be utilized in the further development of n 
netic analysis. 


CONCLUSION 


l'rom a consideration of the foregoing rather sketchy re\ 
of the subject of magnetic analysis it should be apparent that, 
pecially considering the relatively small number of workers in 
held and the great mass of data which must be obtained and 
terpreted, the progress during the past decade has indeed bee: 
substantial. 

Magnetic testing apparatus has been developed capable 
sufficient accuracy to permit of comparing, quantitatively, the 
sults of different investigators. 

The close relationship between the magnetic and other physical 
properties of iron and steel has been demonstrated as a genera 
principle. 

Many data have been presented which give a good idea 
the general nature of this correspondence. 

A number of applications to industrial problems have beet 
made which have definite commercial value. 

The subject is still in the investigational stage but more rap! 
development 1s logically to be expected in the near future. 

More investigations of a fundamental nature are necessary 
full advantage is to be taken of the correlations which it seems c 
tain must exist. 

The application of the thermomagnetic analysis should be « 
veloped, as it appears that this method of investigation 1s capable 
being quite useful in the study of the treatment of iron 
steel, 

The outlook is more than promising. The achievements alrea 


recorded give ample justification for the expectation that, w! 
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fundamental principles are more fully understood, methods 
esearch and testing will be developed whose value can hardly 
verestimated. 

[he real pressing need is for more workers and closer co- 


ration if the best progress is to be realized in the next few 
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COLD ROLLED STRIP STEEL 
By Malcoln Farmer 


Abstract 


This paper covers in some detail the production of 
cold-rolled strip steel, discussing the numerous factors 
which enter into the manufacture of this product. Th 
author discusses casting temperatures, the segregation of 
elements within the ingots, the rolling of ingots into billets 
and slabs and the high speed rolling of billets, pickling, 
and subsequent cold rolling operations. A brief reviex 
of the various grades of cold tempered strip steel is given. 
Strips for special types of work are likewise discussed. 


HI manufacture of cold rolled strip steel is a well defi 

branch of the steel business of the country, and is to a larg 
extent a specialty line of product. A fair idea of the growth 
this particular industry during the past few years may be 


by listing the mills producing cold rolled strip steel. In the yea 
1916 there were 20 cold rolled strip mills in the United States 
with an annual capacity of 700,000 tons. At the present time t! 
are some 42 mills with a capacity of approximately 1,400,000 1 

a year. 

Flat steel was first cold rolled about 1871. The object 
desired was steel that would be hard, and therefore easy blanking: 
also a cheap method of getting a bright finish for subsequent plat 
ing. At that time, cold rolled steel was used almost entirely for th: 
manufacture of hardware such as planished door butts and hinge 
Since then, a great deal of development has taken place and « 
rolled steel is produced in various degrees of hardness and several 
finishes, which are adapted to an almost unlimited number of mai 
factured articles. 

Most of the strip steel cold rolled is of the soft open heart! 
quality, with a carbon content running from 0.08 to 0.12 
cent. Higher carbon steels are also cold rolled in considerab! 
quantities, as well as alloy steels, such as chrome-vanadium, 
carbon chrome, mangane:e, silicon, etc. 

A paper presented before the Hartford chapter of the So 


Che author, Malcolm Farmer, is vice president of the Stanley W* 
New Britain, Conn. 
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In making low carbon steels in the melting furnaces, par 
ar care must be taken to see that the heat is not over-oxidized. 
that undue segregation of carbon does not take place in the 
t molds. Such steel will be absolutely unfit for cold rolling 
subsequent cold working in the dies. 


SEGREGATION OF [ELEM ENTS 


Carbon segregation frequently occurs around the center of the 


ngot, due to the fact that this portion is the last to cool. Carbon 


osphorus and sulphur are impurities, having a lower solidify:ng 


int than iron, and are not as soluble in solid steel as in liquid 
] There is, therefore, a tendency for these impurities to sep 
The mgot cools 
m the outside in, and as each layer freezes, some 


arate as the steel solidifies in the ingot mold. 
of its im 
urities are given off, to be redissolved by the liquid steel nearet 

center. It follows then that the last portion of the ingot to 
solidify 1s richest in impurities. This portion last to cool, is in the 
center just below the pipe or cavity left by the shrinkage of the 
metal from liquid to solid. This portion when rolled down to a 


llet, shows the same segregation and is carried along to the ho’ 
~ 


e( 


strip and cold rolled steel. Segregations will show up 

metimes in a strip four or five inches wide, wherein a carbon 
content of about 0.07 or 0.08 per cent will appear on the edges, 
id as high as 0.18 or 0.20 per cent in the middle. A 0.20 per 
cent carbon steel will not stand the same bends and cold working 
as a QO.O8 carbon steel. Therefore, a strip of this 
nature will probably fail in cold working. 


segregated 


CASTING TEMPERATURES 


he casting temperature of the steel is also of great importance 
.ow carbon steels if poured into the molds too hot, will tend 
show injurious segregation of carbon. Also, the more fluid the 
metal, other things being equal, the nearer will be the blowholes to 
ie surface of the solid ingot. These blowholes when very near the 


rtace are often exposed during the reheating and rolling opera 


t 


us, and form seams or cracks in the surface of the strip. Blow- 


les so exposed to oxidation will never heal or weld. Steel 


at too low a temperature will solidify so quickly that op- 
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portunity is not afforded for the dissolved gases to escape, a: 
unusually large number of blowholes will result. A_ reas 
number of deep seated blowholes are not injurious, inas 
as the normal gases included are reducing in effect. The su 
of these holes being nonoxidized, will readily weld durin; 
pressure of hot rolling. 

A simple way to test the bath for tapping temperatu 
by immersing a stirring rod or steel bar in the bath. If thi 
is melted off short or square, where it enters the molten 
the heat is “hot’’; if it melts with a point the bath is “cold.” 


BILLETS AND SLABS 


The cast steel ingots when stripped from the molds a 
heated to about 1800 degrees Fahr. and rolled down in a blo 
or billet mill to billets or slabs of the desired cross section. 
are known as semifinished materials. Billets in general are 
sidered as having a cross section of from 4 to 36 square 
the width never being equal to twice the thickness. Slab 
rectangular in cross section where the width is at least equa 
twice the thickness. 

These billets or slabs are delivered from the mill in pieces 
40 to 70 feet in length, and are sheared into lengths which 
give the desired weight of strip in one piece. During the s! 


ing, care must be taken to crop back, or cut off enough 


the ends to remove all of the pipe or hollow portion of the 
formed when the molten metal solidifies in the mold. As 
piped portion of the ingot is not sound steel its use will 
trouble in the hot mill, resulting in the splitting of the billet 


HicuH SpEED ROLLING oF BILLETS 


The steel is again reheated in billet form and hot rolled 
strips on a high speed mill. These mills operate at 1000 to 2 
feet per minute, according to the type of mill and sizes 1 
The greatest number of passes through the rolls are on the flat 
of the billet, that is, the metal is reduced in thickness, but 
must also be edging passes to smooth up the edges and hold 
strip to the specified width. Edging cracks off the scale w 
forms between passes. On rolling steel hot, there is conside: 
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ding or side flow of the metal, and the man who is responsible 


etting the rolls, both for width and thickness of the strip, 
very exacting job, and should he fail to do it properly, no 
of trouble will follow. He must be careful to allow for 
|. His guides must be so set as to deliver the bar from the 
straight, but still not so tight as to cause scratches. The steel 
iid not be allowed to pull or stretch between the mills, as this 
sive uneven width. The reductions should be uniform and 
rolls must be set tight endways, otherwise snaky or crooked 
will be produced. The rolls should be changed often enough 
eep a smooth surface on the strip, because if allowed to get 
rough in the early passes, slivers on the steel will result. 
d-in scale is often due to rough rolls. 
Che strip on leaving the mill is wound up on a reel like a 
n, and becomes a coil or hoop, and is the raw material used 
old rolling. These coils will vary in weight from 50 to 1000 
nds each, the average weight of coil being 150 to 200 pounds 
as heavy as 1000 pounds are rolled only on one or two mills 
the country. 


PICKLING 


The first step in cold rolling is the opening of the coil, and 
iling it with the bend in the opposite direction. This loosens 
cracks off a great deal of the blue scale or oxide of iron 
O,, which has formed on the strip on cooling down from the hot 
ls. This recoiling is quickly and efficiently done on specially 
igned machines. The coil then goes to the pickling department. 
pickling is effected by immersing the coil in a bath of sul- 
iric acid and water (about 10 per cent sulphuric acid), 
ted to about 190 degrees Fahr. This pickling removes all of 
scale in about 20 minutes. The sulphuric acid attacks the 
el and forms a sulphate of iron which is soluble in water and is 
hed off. The bath should be agitated to facilitate the pickling. 
steel is then washed in cold water, and dipped in a hot 
yy water bath. This leaves the steel free of scale, clean and 
grayish color. 
The strips are then transferred to the breaking-down mills, 
ally set up in tandem, that is, two, three or four stands of rolls 
ed one after the other a few feet apart. The coil now cold, 
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passes through these mills, which are set to run at an increasin¢ 
rate of speed from the entering mill to the delivering mill. | 
example, in a tandem mill of four stands of rolls, the ente: g 
mill might roll at the rate of 40 feet per minute, the delivering 
or fourth mill would roll at a speed of 150 feet per minute. On 
leaving the mill it is wound up in a coil again. The rolls in these 
mills are ground smooth and bright, and the steel comes from 
them bright and clean. The reduction of from 30 to 50 per cent 
has hardened the metal so that it is stiff and springy. During 
this rolling all unevenness in the gage of the hot rolled strip is 
taken out, and the width has been increased only slightly, possibly 
1/32 of an inch. A considerable amount of heat is generated in 
the steel during the cold rolling, so that it is often too hot to 
handle without the use of heavy gloves. Before further reduction 
is given the steel, it must be annealed to relieve the working 
strains set up within it, as well as to soften it. 


ANNEALING 


The annealing is effected by packing the coils or strips on a 


heavy cast steel base or truck, and covering the pack with an air 
tight steel hood which is sealed all around the base with an ample 
sand seal. The truck is then pushed into a furnace and heated 
for about 12 hours, the furnace temperature being about 1450 
to 1500 degrees Fahr. The truck is then allowed to cool out 
side of the furnace. A _ reducing gas, free from oxygen and 
moisture, is introduced into the hood, in order to keep the steel 
from oxidizing or discoloring during this operation. Time and 
temperature are the two important factors. Heat penetration in 
the steel goes on at the rate of approximately one inch per hour. 
During this operation, care must be taken not to decarbonize 
the steel by excessive heat in hot spots in the furnace. Also if 
the gas used inside of the hood contains hydrocarbons, it will 
carburize low carbon steel at 1500 degrees Fahr. To illustrate 
these points, it has been shown that steel containing 0.25 per cent 
carbon before annealing, has contained only 0.12 per cent carbon 
after being annealed; also, a steel containing 0.10 per cent carbon 
before annealing has shown 0.50 to 0.60 per cent carbon afterward 
Ordinary illuminating gas usually contains hydrocarbons such as 
ethane or methane, which make it an undesirable reducing medium 
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annealed in cast iron borings will also pick up carbon at 
ly high temperatures. 

[he steel 1s allowed to cool for 36 hours under gas before the 
J is removed, and is then in what is known as the dead soft 


innealed condition, and is ready for further 


reduction in thick 
; (tempering or temper rolling). 


TEMPER ROLLING 


In cold rolling for temper, single stands of rolls are used. 
lhe rolls are highly polished and impart to the steel the high 
polished surface which is common to cold rolled steel. The rolls 

<l are made of forged and hardened alloy steel, having a sclero 
scope hardness of 100. The manufacture and hardening of these 
lls is an art, and if not properly done the roll is useless. The 
writer has seen a new roll fly apart on the second or third strip 
lled through it, due to the strains set up in the roll during the 
hardening. In this finishing rolling, it is often necessary to grind 
ne of the rolls, (usually the top) either slightly concave or con- 
ex, in order to bring the strip steel out flat. This concavity of 
shape” as it is called may be only 0.0005 inch deep or as deep 

0.003 or 0.004 inch, and may be only wide enough to extend over 
of the width of the strip. Without these “hollow shapes” 
r special grindings the strip may come from the mill buckled or 
igh in the center, showing that it has been reduced in thickness 
more at that point, and consequently elongated more in the middle 


than along the edges. Sometimes a “high shape” or convex grind 


| ‘ 
irl 


ing is needed. In such cases the steel would come from the mull, 
wavy at the edges and flat along the center. The convex shape 1s so 
ground on the roll as to reduce the metal more in the center 
than at the edges. This elongates the center enough to match 
the length of the edges and the steel will then lie flat when 


rolled out on the floor. It requires a large amount of experience 
ind good judgment to determine just how much, hollow or high, 

grind a shape to bring a certain lot of steel flat. It is the 
practice in some mills to burn a gas jet under the bottom roll 


expand it at desired points and so accomplish the shape. This 


is not good practice, however, as it is not as certain or accurate as 
grinding, and is very bad for the roll. Makers of good steel rolls 
will not guarantee or replace defective rolls that have been so 
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treated. The various tempers of the finished cold rolled 
steel are obtained by varying the amount of cold rolling 
annealing. ‘The tempered strip is then taken to the slitting 
cutting department to be cut to the length required. In the 
of orders calling for accurate width the strip must be slit and 
to an accuracy of +0.01 inch of the width ordered, except v 
the thickness is 0.095 inch or heavier, when a greater toleran: 
allowed. 


SURFACES AND DIMENSIONS OF STRIPS 


Cold rolled strip steel must be clean, bright, flat and strai 


when finished. The gage or thickness must not vary more 
QO 


0.002 inch under and 0.001 inch over the gage ordered for ordi 
widths and the lighter gages. These limits are standard but cl 
rolling may be done, for which an extra charge is made. 

The standard limit for straightness is “%-inch bow or caml 
eight feet of length. Perfectly straight steel may be produced 
an extra charge is made for limits closer than the standard. 

Cold rolled steel is also produced with a smooth-rolled 1 
or square edge, which is obtained by rolling the edges and flat 
face in a universal type ml. This steel is for special uses. St 
steel may be cold rolled as thin as 0.002 inch. However, such roll 
is not common. Strips 0.006 inch thick are not unusual. 
ished widths may be had from 14 to 30 inches. 


DEGREES OF CoLp TEMPERING 


If a free, clean blanking steel is wanted, a hard or N 
temper is used. This temper will cut clean, and will be « 
on the punches and dies, as a reasonable clearance may be allow 
Temper No. 1 will also have a higher tensile strength than 
softer grades. It will not, however, stand more than easy round 
bends crossway of the grain. ‘The steel is hard rolled, unanneal 
and is recommended for flat work only. 

Temper No. 2 or half hard steel, is cold rolled, annealed 
rerolled. It will stand right angle bends across the grain 
rounding bends along the grain. 

Temper No. 3, or quarter hard steel, is cold rolled, annealed ; 
rerolled a little less than temper No. 2, and will stand a bend 
on itself across the grain, and a right angle bend along the grain 
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lemper No. 4 is rolled less than temper No. 3 atter annealing, 
will stand bending flat on itself either way of the grain. Steel 
this temper is used for forming tubing. 


It 1s soft and still will 
wrinkle when bent slightly. In 


order to draw a shell with a 
bottom, which will be smooth and show no cross wrinkles 


this 
Her should be used. 


Temper No. 5 is dead soft, annealed and not rolled after an 
ling. This is used for ordinary drawing and forming. 

femper No. 6 is also dead soft, but will stand more difficult 
wing. It receives a special heat treatment and is of selected 
lity steel. 

Chere are intermediate tempers which 


vary slightly from 
se given above, 


and are produced to suit certain requirements 

ere a standard temper has not quite filled the bill; such as 

kle temper, tack head steel, and steel to draw up a shell and leave 
edge even all the way around and not be wavy so that it re 

ires trimming. This grade of steel is used for rollers for casters, 
roller stakes. 


STRIPS FOR SPECIAL \WoORK 


In ordering steel for special work, a sample or sketch of the 


ticle te be made should accompany the order to assure receiving 
proper steel for the work. The mill operators will undertake 
specify the proper temper and guarantee the steel to form 
piece designated. Often steel fails to do what is required of it, 
ough through no fault of the steel. Sometimes the drawing tools 
ve too much clearance, or perhaps too little; too large a radius 
too small; the dies are allowed to become rough; the best kind 
lubricant is not used; or the speed of the press is not right; 
ually too fast. Sometimes the hold-down does not hold the 
etal evenly and the blank slips, or it holds too tightly. The draw- 


g solution if too heavy, will not permit the steel to draw up 
ioothly, 


To show the effect of improper lubricant, the writer 
ill cite a case where a difficult draw and forming in one operation 


is being done. Steel would build up on the die, causing deep 


atches on the formed piece, as well as having some pieces break 
the drawing. A set of polished dies would noi 


form more 
in 1000 pieces without scratching. By 


changing the lubricant 
m an oi) compound to a solution of smooth lime, the breakage 
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stopped and one set of dies formed as high as 80,000 pieces 
out scratching. 

Some years ago trouble was experienced with steel used 
bells and gongs. When the gong or bell was formed it would 
ring. This was caused by strains being set up in the steel dia 


the forming which required subsequent aging or heat treatment 


relieve the strains. When this was accomplished gong prope 


were restored. Since then a special steel has been furnished w! 
requires no aging or heat treatment. 

line quality cold rolled strip steel can only be produced 
employing most careful methods, close inspection during the pro: 
of manufacture, and testing for workability by modern testing 
chines. It is most essential to start with the proper grade of 1 
material. 





SCUSSION OF H. B. KNOWLTON’S PAPER ENTITLED 
CASE HARDENING AND OTHER HEAT TREATMENTS 
AS APPLIED TO GRAY CAST IRON,” PRESENTED BE- 
FORE THE FIFTH ANNUAL CONVENTION OF THE 
SOCIETY, PITTSBURGH 


PAPER PUBLISHED IN OcToper, 1923 TRANSACTIONS 


CHAIRMAN A. H. @ARCAMBAL: I will venture to sav that 


men out of every ten in this room never knew before that such 


ing could be done as to case harden or carburize cast iron I 
iid lke to ask Mr. Knowlton one question. What 


by quenching directly 


hardness did you 
in the oil, without carburizing? 


H. B. KNOWLTON: Heated in sand at 1700 degrees Fahr. for 3 


quenched in oil, was 62. hardness. Heated and quenched 


tly, without long exposure of heat, was 68 


CHAIRMAN A. H, @TARCAMBAL: The reason I asked the ques 


was because a couple of months ago | received a circular—I will 


give the trade name—but under it were the words, “The Magic Dip.” 


vou people have probably seen some of these most interesting ci 


rs making remarkable claims. ‘This circular stated the substance 


a kind of hquid which you placed in the oil in which you were 


to quench the iron and the resultant product would give you a 
iron, with the toughness of steel, so | was just wondering what 


ppened when you quenched directly in the oil without this “Magic 
H. B. KNOWLTON: Also, when you take the thin sections like I 
| here and put them in a vise and hit them, you have about six of them 
[ did not have the “Magic Dip,” but that is just the ordinary oil 


tment. 


CHAIRMAN A. H. dARCAMBAL: I was 


curious to see what 


“Magic Dip” was like, but having the interests of my 
stake, I thought I would write for the price. They 


company 
wanted $25 a 
llon for it, which price we considered excessive. 
Ss. P. ROCKWELL: A number of years 


ago we carburized snap 
ces made of gray cast iron. 


They were cooled in the pot, but when 
were quenched, they cracked. We packed them in mill scale and 
malleableized them and subsequently recarburized them, with satis 

tory results. 

H. B. KNOWLTON: I have seen malleable 
re, but I had never seen gray iron carburized. 
CHAIRMAN A. H. d@ARCAMBAL: Did the 
any steel in it, or was it ordinary gray iron? 


H B. KNOWLTON: One of these was called 


iron case hardened 
mixture vou use 


“foundry run 
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gray iron” and the other “special cylinder iron.” I think there 
in both of them, but very little. 
CHAIRMAN A. H. d’ARCAMBAL: We ought to 
erable discussion on this very interesting subject. 
JEROME STRAUSS: We have frequently used tools m 
cast iron of three-quarters to one per cent silicon, and three-q 
to one anda half per cent manganese which, after rough machining 


1S 


hay ( 


hardened directly in oil or water without any attempt to carbu 
prevent decarburization of the surface. After hardening, we remo 
small amount of metal, and have had decidedly successful 
some cases. We were getting a scleroscope hardness of 
to 85. These were press tools for heavy press work. 

CHAIRMAN A. H, d’ARCAMBAL: That was ordinary gray 
to start with? 

JEROME STRAUSS: It probably would be classed as sen 
there being about 10 to'20 per cent steel in the cupola mix, 

CHAIRMAN A. H. d’ARCAMBAL: What temperature 
you use for quenching? 

JEROME STRAUSS: Approximately 1650 degrees Fahr 
were mostly, of course, heavy sections, running about 1% to 3 i 


resul 


abo 


H. J. FRENCH: I have been very much interested in this pa 
particularly because in the last few months | have encountered 
same question. It was presented to me by a western manufact 
and from the author’s discussion of the reasons for his undertaking 
work, | judge that it is the same case with which he is dealing. | 


sorry that I did not have an opportunity to examine the manuscript 


i 


There is one question which comes up in my mind, and 
which I would like to ask a question. I am not quite convinced 
it is proper to refer to this heat treatment as a carburizing or eve! 
case hardening, action. I would like to ask whether it is not poss 
to produce the same results without imbedding the samples in a 
burizing compound. In other words, is it not possible that a sur! 
reaction between the compound and the metal might promote diffus 
Now if that was so, it would be possible, of course, under diffe: 
time and temperature relations, to produce a similar result, merely tak 
care to keep oxygen or air away from the sample. I wonder whet 
the author has ever tried a similar treatment, and whether he obtar 
results similar to those mentioned by Mr. Strauss. 


H. K. BRIGGS: The author has mentioned the possibility of a: 
creasing of the saturation point for carbon over that for the g' 
silicon content by the heating cycles noted. Is not the test of the 
of that action whether or not your total carbon remains the same a 
treatment as it did before? If your total carbon has increased, 1t 
evidently taken on some carbon from the carburizing compound a 
the surface. I would like to inquire as to what the analytical r 
showed. 
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H. B. KNOWLTON: Analytical results were not obtained on this 
[ have them on another test that I have just started. This was on 
about half inch by three-quarters by six inches long. The car 
on the original is 3.42 per cent. After running in the carburizing 

pound and cooling, 0.010 inch was milled off of each side. The 

.s from this operation were analyzed. They showed a total carbon 

375 per cent. Any chemists that are here who have run total car- 
on a cast iron know that it is a thankless job. It is difficult to 

a perfectly fair sample, because the graphite and the iron separate, 
there is room for error. I am not putting these figures into print 

| I have a chance to verify them a number of times. Apparently 

total carbon increased. 

CHAIRMAN A. H. d@ARCAMBAL: Mr. McCleary, have you 
conducted any tests at Dodge Brothers on carburizing cast iron? 


F. C. McCLEARY: No. 
W. F. GRAHAM: I would like to ask the speaker if he has con- 


red the fact that malleable iron when annealed sometimes shows 
pearlitic skin, and that is certainly not carburized, or heated in a 
rburizing atmosphere. I hold with Mr. French, that the effect is 
result of diffusion rather than an actual carburization of the material. 
\Vhen you anneal malleable iron, a pearlitic structure is formed of 
ibout the same type as would be formed in heating the cast iron. 


CHAIRMAN A. H. d’ARCAMBAL: Mr. Knowlton was very 
eful to state that he did not call the process carburizing, for | 
k he knew that you fellows would criticize him. 

W. D. FULLER: May I ask, just as a matter of information, how 
obtained the last polishing effect on the cast iron. 

H. B. KNOWLTON: The last polishing for microscope was just 
ordinary proposition of working down with alumina and rouge. 


W. D. FULLER: I found that had a tendency to 
face, and I wondered if you had a better method. 


smear the 


R. S. ARCHER: This remark on the malleable 


iron I think is 
vy pertinent. All the causes of the formation of 


the pearlitic rim 


not known, or at least they are not agreed upon. It is sometimes 


(tributed to the somewhat questionable fact that in a very slow cool- 


there is enough difference in temperature between the surface and 
inside of a casting to produce a difference in structure. There is 
ther explanation offered that depends upon the oxidation of silicon. 
hink that may be one of the causes for the thing that Mr. Knowl- 
is getting here; that is, with a low temperature the silicon oxidizes 
preference to carbon. There may be an oxidation of silicon in the 

especially near the skin, which converts it into an oxidized, and 
efore, inactive form, that is, to a form which 


is not active in 
icing the solubility of the carbon. The silicon 


also raises the criti- 
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cal temperature approximately 20 degrees Cent. for each per 


silicon. That is, if 725 degrees Cent. is the equilibrium ha: 


temperature for pure iron carbon alloys, then each one per 


silicon raises that temperature about 20 degrees. Therefore, 
per cent of silicon that temperature would be about 775 «: 
Now if you heat in a carbonizing medium and then reheat 
temperature of about 790 or 800 degrees, you would have a hai 
temperature that would harden the entire casting. But suppos 
heated to a temperature of 770 degrees Cent.; the temperature 
not be high enough to harden the casting unless the silicon ha 
converted to an oxidized form. Therefore, if by heating it in a 
izing medium, you can convert the silicon in the outer layers 
casting to an oxidized form, you might thereby lower the 
temperature of the outside layer so a subsequent reheating 
harden the outside, but would not harden the inside. In that wa 
might get true case hardness. 

Mr. Knowlton mentioned that in some of the samples he obs 
a rounding or a spheroidizmg of the graphite. I believe that has 
reported before. I know I have seen it before—I am not quite 
where, but I think in a paper by Mr. Bean of the Eastern Mall 
Iron Co., delivered before the American Institute of Mining Engi 
It has been found recently in a large number of alloys that 
any constituent whatever is rounded by prolonged heating. It deper 
upon the solubility of that constituent in the matrix. It is well 
in the case of cementite in iron. It has been found in the cas 
copper oxide in copper, and has been found in the case of thori 
dioxide in tungsten. 


(Written discussion) 

H. B. KNOWLTON: In the discussion of the writer's paper 
French and others raised a question as to whether the carburizing 
terial had any part in producing the results mentioned. The quest 
was raised as to whether or not the same results could have beet 
tained if the specimens had been packed in sand. 

In order to answer this question the writer has made a test 
two more bars of cast iron. One of these was placed in a conta 
with a carburizing material and the other packed in a similar conta 
with sand. Both containers were sealed in the same way and pl! 
in a furnace and run for 8 hours at 1700 degrees Fahr. They 
then allowed to cool in the furnace. When cold they were sect 
through the center, polished, etched and examined through the 
scope. 

The results produced are clearly shown in the accompanying 
graphs. Figs. 1 and 2 show a photograph of cross sections of tl 
bars after polishing and etching. Fig. 1 was the one which was 
sand. The so-called “picture frame” structure will be observe 


will be noted that there is a white border around the edge, and 
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IS 1 dark band 


running all around 
eda The center 


specimen shown in 


g. was packed 
\ broad dark band running all around the spe 
Attention is called to the fact that the dark 


band 
extends cle 


yrroader and that it 


5 «& are photomicrographs ot 
] 


heated in sand 


i 


errite or carbonless iron predominates. Fig. 4 1s 


same specimen, which 
edge of the 


band of the 


taken in the 
appears to be pearlite. Fig. 


specimen heated in the carburizing material. 
noted that pearlite (the iron-ironcarbide alloy) 


s the 
ie 


ter 


predominates 
of the 
and quenched in cold 
following results 


making the micro examination 


the balance 
heated to 1500 


specimens 
water, and 
were obtained: 


degrees Fahr. 
‘r the scleroscone. The 


Hardness Number 


ippears to the writer that 
mng material has had 


I 
1c not 


Li] that OT 


this is conclusive evidence that the 


some action. It may be true 


that the 
carburizing, but 


of different oxidation. 


produced by the 


agent to the 
vere true we would 


degrees Ot 
the carbon monoxide 


carburizing material 
as an oxidizing silicon but not 


expect that the 


x 


to the carbon. 


silicon in the outer zone 
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would be oxidized and that it would cease to prevent the 
of combined carbon. Consequently it would be possible to ha 
lite in the outer zone but not in the center of the specimen. 
On the other hand the specimen heated in sand was 
to a more vigorous oxidizing action, consequently, both th 
and the silcon were oxidized in the outer zone and only th 
in the next zone. If this theory is correct it would explain fe: 


pearlite bands around the specimen heated in sand and th 


band around the one heated in the carburizing material. 
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NOTES FROM THE U. S. BUREAU OF STANDARD* 


Stupy OF QUENCHING Mepra For HEAT TREATING 


YNNECTION with the investigation which the Bureau is conducting 
the effect of various quenching media used for the heat treatment of 
cooling curves were taken during the past month on steels varying 


5 


25 to 1.25 per cent carbon with the object of studying the critical 
rate to effect hardening. The apparatus used records the presence 
nce of the normal, the lowered, and the “split” transformations on 
at the cooling rates obtained in quenching. Even at cooling rates in 
ighborhood of 335 degrees Cent. or 600 degrees Fahr. per second, 
paratus records these transformations. Some of the results are at 

ght, anomalous, and hardly in accord with the usual conception of what 
during quenching. They appear, however, to be generally con- 
with the super-cooling or “delayed crystallization” explanation given 

ilimond from the standpoint of physical chemistry. It is believed 
is work will point out that the hardness of steel by quenching fol- 
laws of physical chemistry and is not such a mysterious matter 
sually supposed. Many hardness tests and microscopic examinations 
required to round out this work. 


HicgH TEMPERATURE TENSILE TESTS OF METALS 


me of the work which the Bureau has been conducting on the tensile 
f metals at high temperatures has been previously described. Re- 
a series of short time tensile tests from room temperature to 1200 
Cent. (2200 degrees Fahr.), has been carried out on two nickel- 
mium-iron alloys of commercial composition in the cast and annealed 
ns. Progress is being made in developing the method and designing 
structing the apparatus for sustained load testing at high temperatures. 
interest to note that the construction of adapters and supporters for 
the various pieces of high temperature testing apparatus is quite 
us problem since these members are subjected to very severe service 
r maintenance is no small problem. It has been necessary to make up 
alloys for these parts. Cast nickel-chromium-iron-tungsten alloys 
iairly good service when the strength at high temperatures is the 
ty needed. When the parts must show toughness as well, it is necessary 


other alloys. A combination of nickel and manganese is now being 
Other special alloys will be made up and tried out to determine their 
ity for this work. 


CAUSE OF BRITTLENESS OF TIN 


sample of tin was recently analyzed by the Bureau to determine the 
tor its brittleness. This defect was found to be caused by about 


rmation obtained from Technical News Bulletin No. 85, published by the De- 
Commerce, Bureau of Standards, Washington. 
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one-half of one per cent of aluminum. Aluminum is unusual in 


Wm ti 
Bureau had no tested method for its separation and determinati 


methods were tried and it was found that Gooch’s method 
with slight modifications. The method has also be 


could 
en further modifi 


iow it is applicable to brasses and bronzes. Good results have bh 


except with those of high lead content, and it is believed that 


ditional changes in the method successful analyses of a wide 


terials can be conducted in a comparatively short time. 
COMPRESSION Test oF IRON Or! 


In connection with its study of mine column failures 


Mines has requested the Bureau of Standards to carry out 


to determine the compressive strength of iron ore under 
paratus has been designed for these tests and it is hoped that 


of the work some information of value may be obtained. 


NOTES FROM THE U.S. BUREAU OF MINES’ 
PREPARATIONS OF SUPER-REFRACTORIES 
N INVESTIGATION having for its purpose the production, 


furnace methods, of materials of higher refractoriness that 


monly used in commercial practice is being conducted by the Dep 


the Interior at the Seattle, Wash, experiment station of the Bureau 


Such refractories have been called super-retractories. The first 

be investigated 1s sillimanite. Two methods of preparing the material 
studied, namely, (1) From a mixture of clay and aluminum oxid 
form of bauxite, diaspore, or alunite residue; (2) From clay alo: 
moving the requisite amount of silica and the iron by melting with 
the electric furnace. The material thus produced in the electri 
is then subject to the methods of testing refractory materials and 

into brick and other shapes and given both refractory 


test. 


and cot 


Encouraging progress has been made in this investigation. It 
that the work on sillimanite will be completed during the pr 
year and that another material will be taken up. 


CYANITE 


Cyanite, a mineral identical in chemical composition with 
and sillimanite, but differing in crystal form, has not yet been exp! 


i 


the same extent as andalusite, but has many interesting possibilities, stat 


Department of the Interior, in serial 2587, recently issued by the But 
Mines. Deposits believed to be 


of commercial importance are report 
location about 20 miles southwest of Wheatland, Wyoming, 


Charlotte Court House, Virginia. The latter deposit is being d 


resent. The commercial possibilities of cyanite are not vet full 
| : ; 


Like andalusite it inverts to sillimanite when heated to high temper 


and possibly may be used to produce sillimanite for refractory pur} 


"Information obtained from April and May, 1924, Press Memorandum 


partment of the Interior, Bureau oi Mines, Washington. 
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VOTES 


VANADIUM 


m1 is one of the most usetul 
the In 


n 
Pulletin 212, recently published al 
{ vanadium 


ough the Bureau of Mines. he ie] | | 
the world, , Peru, 20 


important m 
lens-shaped mass 


several min 
called “quis 


containing sul 


most 
de Pasco. Phi Mlalll OF body IS a 
ide by 300 to 400 feet long; it contains 
constituting the larger part ot the deposit being 

substance 


carbonaceous 


s mostly 


le 
vanadium — lie at the southern 
ad red cal 


( olorado and 


vanadium. 
body, and 


this vanadate 


t 


to ; depth 20 feet 


is brighter than that in 
50 per cent vanadium oxide. 


it may carry as much as | 
small pockets and fills the cracks and _ fissures 
Below 1 he mother lode, which carries as high as 10 per cent 

rly as much sulphur. On the and south 


and near] 
lode is a hard blue-black 


vanadium oxide and 


vanadium shale carrying 


cent sulphur. 


oxide > 
the mothe 


is 13 per cent 
patronite, which and contains 


cent vanadium oxide 
San Miguel county, 


11) 
roscoelite, which 


States the largest deposits Are 
t that place 1s 


lTnited 
he mineral at 


Colorado. 
is light to dull 


mica. The vanadium mineral, 
| that occasionally ( 


is found in a= sandstone tl 


“all 


but the amount of uranium present 1s ex 
r trom to 


carnotite 
content of 


The average ore mined has 


vanadium oxide. 
discovered in Huerfano county, Colo., 
is heavy. black and banded, 


[t 


idium ore has also been 
risto range. The ore 
small quantities of uranium oxide 


Sangre de ( 
pt Tr 


adium oxide. 
Eagle county, 7 mules southeast of the tow 
has been found carrying vanadium, but it is more or less local 


Zinc descloizite has been found in limited quantities in 
quantities in the 


Ler 
cuprodescloizite exists 1 reasonable 
ills ace, OCCUrTS 


Bisbee, Ariz. Vanadanite, or 


places in the West, particularly in 


and 


ine, at 
Mexico, 


is almost invariably found as alow 


This mineral 
it vanadium oxide, 


California. 

carrying from 0.1 to 0.6 per ce seldom in 

pockets 

principal use of carnotite during the last few ye; ha 
radium. Ordinary carnotite ores carry from 3 

in the ore 


vanadium it 
in vanadium but 


S been 


production of 
is re- 


vanadium oxide, 

luring extraction of radium. 

and radium have been treated 
200.000 to 


Is procedure is not usual 


cent and the 
Some ores high 
primarily for 
300,000 pounds of 


vanadium, 


uranium 
From 
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vanadic oxide is probably produced annually as a _ by-product 


extraction of radium. 
Vanadium is used chiefly in steel for purposes requiri: 
toughness and torsional strength, such as automobile parts, 


ton rods, tubes, boiler plates, transmission shafts, bolts, 


gun 
gun shields, and forgings that have to withstand heavy wear 


The vanadium content of such steels ranges from 0.1 to 0.4 
Vanadium is also used occasionally in certain tungsten alloys 


ing high-speed tool steel, as the introduction of a small propo 
vanadium reduces the proportion of tungsten required to 
alloys the desired hardness and toughness. 

Vanadium differs from tungsten in having a _ beneficial 
only on tool steel, but also on structural steel. It has been 
vanadium does not form a double carbide with iron, but 
takes the carbon from the carbide of iron until iron carbid 
exist, if 5 per cent of vanadium is present, and only a vanadi 
bide containing 15 per cent of carbon, is present; this constit 
constant, at least in tool steels containing 5 to 14 per cent of vai 

Chrome-vanadium steels and chrome-vanadium-molybdenun 
are the latest development in structural alloy steels that 
an extensive market. Almost all these steels are made in th: 
hearth furnace, chromium and vanadium alloys being added 
before casting. In their physical properties these steels are mu 
chrome-nickel steels, but they have a greater constriction 


etl 
sho 


crt 


hav 


ot aft 
a given limit. Most of the chromium-vanadium steels made 
automobiles. Some manufacturers prefer them because of their 
freedom from the surface imperfections, notably seams, whi 
steel that contain nickel are likely to have. Some chromium-van 
steel, which is not face-hardened but has high resistance impart 
heat treatment, is used in armor plate of medium thickness. 
Vanadium is used to some extent in making bronzes, in m« 
and in dyeing. Methods of analysis that are applicable to vai 
ores and their products, and which have been tested by the Bb 
of Mines, are described in Bulletin 212, “Analytical Methods for (| 
Metals,” copies of which may be obtained from the Superintend: 


Documents, Government Printing Office, Washington, D. C., at 
of 40 cents. 


a 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing 
of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 
to Refer to Serial Numbers of Questions 


NEW QUESTIONS 
IUESTION NO. 129. Does full annealing chromium and 
fen magnet Steel, before hardening, affect the magnetic prop- 
If so, what is the cause? 
IUESTION NO. 130. Is there any advantage in using 
d-bar wmpact tests in the inspection of annealed tool steel bar 
What does such a test show? 


ANSWERS TO OLD QUESTIONS 
QUESTION NO. 93. What are the more common methods 
juenching ordinary taps. Are they quenched all over and the 
ks drawn, or are they quenched only on the threaded portions; 
ire both the threaded portions and the tangs quenched, leaving 

nter portion of the shanks soft? 


QUESTION NO. 98. What heat treatment will give a pure 
rlensite structure throughout the hardened area of a piece of 
16 «2 x» 3% wehes? 

QUESTION NO. 106. What are the effects of the products 
mbustion upon both carbon and high-speed steel, when heat 
fed in open furnaces heated with city gas, coal, coke, fuel 


; 


QUESTION NO. 110. Do notched bar impact specimens give 
uniformly constant results than un-notched specimens? 


OUESTION NO. 119. What is the advantage of sulphuric 
as a quenching medium? 


\NSWER. An answer to this question is incorporated in the 
er to question No. 123. 
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OUESTION NO. 120. How does the carbos: 


secondary hardness of high speed steels? 


CONTEC) 


QUESTION NO. 122. What are the 


mechanical ~) 
of stainless steel ad stainless iron? 

ANSWER, By Edwin T. Jackman, Firth-Sterling St 
Chicago. 

The following tabulation shows the comparative physi 


erties of various types of stainless steel and stainless iron 


terials manufactured by the Firth-Sterling Steel Company 


Ps Yield 
ype Point Tensile Strength Elong Red 
lbs per Ibs pel pel Area 


sq. in. Sq. in cent per cent 
Steel annealed : 65,001 99,950 2) 8.7 
Oil quenched at 1825 degree 

Fahr. drawn 

grees Fahr 210, 250,00 
Ileat treated 
lron as rolled 
lron alt cocled 

degrees Fahr 


QUESTION NO, 123. What are the advantages OT 
hot soapy-water quenching medium? 


ANSWER. In answer to this question, extracts f1 
work of T. D. Lynch and N. B. Pilling as presented bet 
Chicago 1919 meeting of the American Institute of 
and Metallurgical Engineers, entitled, “Cooling Properti 
Technical Quenching Liquids,” are herein given. 

“The method used in obtaining these measurements 
the accurate recording of the fleeting temperatures within 
cylinder heated to a fixed initial temperature and_ rapidly 
ferred to a bath of the quenching liquid. This required: 
temperature-indicating device of minimum thermal capacity, 
of faithful response to rapid temperature changes; (2) -\ 
perature-recording instrument sufficiently sensitive to resp 
the fluctuations of (1); (3) A quick and uniform means 0! 
ferring the metal cylinder from furnace to bath.” The 
cylinder was so mounted on the end of the thermo-couple 
could be readily immersed in the quenching medium. The t 
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le was connected with an automatic autographic temperature- 
rding device so that autographic records could be made of 
changes in temperature of the cylinder. Among the quenching 
liums studied in this investigation, were those of water, brine, 
sulphuric acid and hot soapy water solutions. In the case of 
soap solutions, 2 per cent ot ivory soap Was dissolved in hot 
It was found that stronger concentrations than this solidified 


en cold. At 20 degrees Cent. (68 degrees Fahr.) this solution 


LteT. 


is a thick jelly, but was fluid at 30 degrees Cent. (86 degrees 
ir.). The analysis of the solution was: total 


solids, 1.85 per 
true soap, 1.47 per cent. 


In brief, the following is a description of the phases in ob- 
ning these autographic cooling curves. Fig. 1 is the curve of a 


standard cylinder quenched in water at 58 degrees Cent. (136 


1—Cooling Curve of Stand 
ard Cylinder When Quenched 11 
Tap Water at 136 degrees Fahr., 
from an Initial Temperature 

15 degrees Fahr. 


rrees Fahr.) from an initial temperature of 830 degrees Cent. 


“The record starts at ‘a’, with the cylinder 
leaving the furnace; at ‘b’ it enters the quenching bath and at 


1525 degrees Fahr.). 


is Instant the water in immediate contact with the surface of 

cylinder is quickly raised to the boiling point and vaporized, 
rming an envelope of steam around the cylinder. The cooler 
ayers of water strive to condense this steam, while heat flowing 
m the hot cylinder tends to superheat it. The survival of this 
‘team jacket depends on the relative rates at which heat is delivered 
rough the jacket to the boundary surface between steam and water, 
d is removed from it by the adjacent cooler layers of water. In 
is case the former is the greater and the vapor jacket, with its 
elatively poor thermal conductivity, persists. The branch of 


the 
rve between ‘b’ and ‘c’ 


represents the sojourn of the cylinder 
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in this atmosphere of steam. At ‘c’ the two rates become 
reverse in magnitude, and at ‘d’ the vapor jacket disap, 
There is now liquid contact between the heated surface and 
water, and as the temperature of the metal surface is far 
the boiling point of water, vigorous boiling ensues, each mj; 
bubble of steam formed being whirled away by the forceful 
convention currents and immediately condensed. From ‘d’, wh 
steady loss of heat by this means is attained to ‘e’ the 
shows a great capacity for absorbing heat quickly and the 
perature fall is very rapid. As a result of this vigorous cam; 
of vaporization and condensation, a concentric layer of wat 
appreciable thickness at the boiling temperature accumulates 
the quick cooling terminates at ‘e’. Further absorption of heat 
this concentric layer tends toward the re-establishment of the \ 
jacket and a virtual halt in the cooling results. About 0.3 se 
is now consumed in cooling this layer before the cooling ot 
cylinder is resumed at ‘f’, and from ‘f’ to ‘g’ the heat 
sorption, relatively slow, is by thermal conduction into \ 
below the boiling point. 


“To summarize, the rather complicated mechanism of 


transfer during quenching, may be divided into three stages, 
ranged in a descending temperature sequence: 


Stage Character 

Cooling in- vapor Slow 

Cooling by active vaporization Rapid 

Cooling in liquid 

“For convenience, in reference we may call these three moc 
of cooling A, B and C, respectively. Cooling in accordance wit! 
this series of stages has been found true in all of the liquids 
examined.” 


Cooling and quenching-power curves of the soap soluti 
are shown in Figs. 2 and 3. The A stage is prominently present 
at temperatures as low as 20 degrees Cent. (68 degrees Fah 


Fig. 2—Cooling Curves of Standard Cylinder Quenched 
Soap Solution. 
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the solution sets into a thick jelly. This gives a very low 
| quenching value continuing to cylinder temperatures of 200- 
degrees Cent. (390 to 570 degrees Fahr.) lower than with 
r under corresponding conditions. 

lig. 4 shows quenching-power curve of technical quenching 
ds based on cooling velocity at 700 degrees Cent. (1292 de- 


C per Sec.» 
g 


8 Ol Met 
6 Ul Net 
1 Gulphieric Acid 


F Qvenchine Power (Cooling Velocity 





Ot an mm 
emperetyre of Cyl =. 


Fig. 4—Quenching Power of Technical 
Quenching Liquids Based on Cooling 

y Quenching Power of Soap Velocity at 700 degrees Cent. (1292 de 

ition grees Fahr.). 
ees Fahr.). It will be observed that soapy solution (curve No. 3) 
the lowest and the concentrated sulphuric acid (curve 7) has 
highest quenching value of any of the mediums tested in this in- 
tigation. 

CONCENTRATED SULPHURIC ACID 
“As shown in Fig 5, cooling begins at once in the B stage 
a very high quenching power, somewhat greater than that 


. 

« leooc 

ma @ @ Mi MS Acts Temp 

} a ——— + 


nder'C 


Cy) 
8888823238 


Quenching Power (Cooling Velocity’ +» = $0 Deg/ter.7 


Temperature ¢ 


Time 1 Second 
eo a a ae ee 


Temperature of Cylinger c 
Fig. 5—Cooling Curves of 
Standard Cylinder Quenched in _ Fig. 6—Quenching Power of 
Concentrated Sulphuric Acid. Sulphuric Acid. 


brine, and continues to about 400 degrees Cent. (750 degrees 
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ahr.), where the C-stage cooling, with its characteristical] 


rate of heat absorption, begins. The quenching-power | 
for sulphuric acid are shown in Fig. 6. The major mech: 
of quenching is not affected by a rise in acid temperature 
degrees Cent. (245 degrees Fahr.), and at no time is the A 
cooling observable. The high B-stage quenching power 
tendency to decrease at the higher acid temperatures.” 


ig. 7 diagrammatically shows the quenching characterist 
oil No. 1—soap solution and sulphuric acid quenching mediu 
observed in this investigation.” 

“At 700 and 600 degrees Cent. (1292 and 1112 degrees F;: 


the soap solution lies wholly within the A field, yielding at 


Cc 


purtace Temp. C 


Burface Temp 


80 6100 «6120 «6160 «(160 


Liqeid Temp. C Liqcid Temp. °C 


Soap Solution 


9 
a 
8 
. 
& 
© 
2 
- 
2 
2 


Liqoid Temp °C 


Sulfuric Acid 


Fig. 7—Quenching Characteristics of Oil N l 
Soapy Water and Concentrated Sulphuric Acid A 
Cooling in Vapor; B—Cooling by Active Vaporiza 
tion; C—Cooling in Liquid. 


temperatures a slow quenching medium, safe in this resjy 
throughout the whole scale of solution temperatures. Notice 
narrow and distorted B field, which would be expected to minin 
the stresses caused by rapid cooling through a considerable 
perature interval. The complete stability of all the oils and 
phuric acid is indicated by the horizontal orientation of all 
fields. 

“Stability of quenching power with respect to chang 
liquid temperature is a valuable and, perhaps, necessary prop 
ior a good quenching liquid, and its realization is found w! 
cooling is restricted to any one of the three stages (A, B, or | 
The line of separation between the A and B fields was taken 





QUESTION BOX 615 


temperature at which an increase in the rate of cooling was 
ipparent; the actual transition from A to B stages takes a 
of 100 degrees Cent. (212 degrees Fahr.) to accomplish, 
hence too quantitative an interpretation of the diagram (Fig 
to be avoided. In a diagram of this sort, stability of quench- 
power is indicated when the horizontal line representing the sur 
temperature with reference to which the quenching power is 
n, remains wholly within one field. Conversely, in passing 
one field into another, changes in quenching power of large 
eitude may be expected.” 
“If a comparative value of 1.0 is taken for the quenching 
er at /00 degrees Cent. (1292 degrees Fahr.) in the fully 
eloped A stage of an aqueous solution, i. e., 100 degrees Cent. 
12 degrees Fahr.) solution temperature, then the relative values 
the different liquids at 38 degrees Cent. (68 degrees Fahr.) 


Ls follows: 


COMPARATIVE QUENCHING POWER 


\\ ater 

Bring 

Soap Solution 
Oil No. 1 

Oil No. 

Oil No. 3 


Sulphuric acid 


QUESTION NO. 124. Why is nickel never used in tool 
5’ It is understood that nickel combines with ferrite to form 
solid solution in steel and that. solid solutions are harder than 
metals, hence it ought to make steel harder. Also nickel ts 
to lower the critical temperature, and if so should make steels 
er te quench and harden and they would not require as high a 
erature for heating. Why is it that an element which apparently 
valuable is not used more as an alloying element in tool steels? 


\NSWER. By Dr. P. D. Merica, director of research, In 
itional Nickel Co., New York City. 
Chere is a tradition that nickel does not improve tool steel, 


hich the writer has been unable to ascertain the precise origin 


pt that its presence is claimed to soften the cutting edge when 
peration. As a consequence of this tradition, little experimental 
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or development work on the use of nickel in tool steels has 
done in the last 10 or 15 years, and very little accurate infor 
on the subject is available at the present time. 

Tools may be divided into two classes, the so-called high 
tools, which operate at a very high temperature, and other 
such as dies, punches, chisels, saws, etc., which operate at ord 
temperatures, or not far therefrom. In the latter class ther 
substantial field of usefulness for nickel-bearing steels, partic: 
where the service demands not only hardness but toughne- 
well. In fact, there are on the market at the present time 
tool steel compositions for chisels, band saws, rock drills, pu 
and dies; and these compositions have given most excellent se: 
from all accounts. 


In the case of the former class, however, a reason may 
haps be seen why nickel may not be satisfactory as a prin 
alloying element in steel, and that is, that it lowers the temperatu: 
of transformation, (as is pointed out in the question). For 
reason, a nickel-bearing steel tends to soften at lower temperatu: 
and therefore, cannot be as efficient as one in which the all 
element tends to raise the transformation temperatures, particul 
the temperature of precipitation and coalescence of carbide. 

Even here, however, we are still somewhat in the dark, 

a great many high-speed tool compositions contain small am 

of nickel, to which the writer has heard actual positive beneti 
effects ascribed, although has not personally had the opportu 
to confirm. It is of interest also that within the last few yea 
there have been developed high-nickel content high-speed tool 
positions—not steels—which appear to be competitors of the presen! 
standard high-speed steel compositions. 


QUESTION NO. 125. What is a suitable test to app’ 


a carburizing box before installing it in service? 


QUESTION NO. 126. How should steel castings be spe 
and purchased? 


ANSWER. An editorial published in the March-April 
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of the Edgar Allen News, Sheffield, England, presents the 
sh point of view on this subject. 


(he easiest way to buy steel castings is to send our inquiries 


rive the order to the firm that submits the lowest price. This 
edure requires little skill, intelligence, or forethought, and is 
ughly inefcient. Practiced buyers take into account the much 
important factors of the production-capacity of each works, 
juality of the product, and the experience of the manufacturer 
he production of a particular class of casting. These things 
titute what is known as “service,” the something over and above 
goods that the experienced and trustworthy manufacturer gives 
lis customers. 


WHat Quatity MEANS IN STEEL CASTINGS 


Quality is a word of common use, so common that it is apt 
be accepted without close inquiry into what it means. In gen- 
every manufacturer puts some quality into his goods, but 
e amount of quality is so closely reflected by the price, that a 
und proverb crystallizing this fact has come into existence: 
‘\\hat’s cheap’s dear.” 
In steel castings, quality means far more than price, delivery, 
any other factor. Castings for railways, for instance, have 
pass without doubt or difficulty the most stringent tests. To 
castings that could not pass these would be to risk disaster and 
idlanger the lives of men and women. The same argument ap- 
es to many other kinds of steel castings. Obviously, therefore, 
to enable the castings to meet all requirements, the most up-to-date 
methods must be employed by experienced steel-foundry workers 
first-class material, a combination of conditions that can only 
be guaranteed by a firm of long experience and high standing in 
his branch of manufacture. 


CASTINGS IN THE ROUGH oR FINISHED-MACHINED 


Long experience in the manufacture of steel castings has led 
he conclusion that far more should be done by the steel-founder 
upplying castings finished-machined and ready for use than is 
‘ally done at present. Sometimes imperfections in a casting 
reveal themselves during machining. The delays that result 
n this machining takes place at the customer's own works are 
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irritating. The buyer invariably loses, not only on account 


delay, which may hold up a big consignment of his own pl 


but also because he has spent money on machining 


a «le 
casting. On the other hand, the replacement of a finished-i 


casting is a more serious matter for the steel-founder tha 
of one supphed in the rough. In the former case the {| 
bears the expense of machining done on the waster. The: 
tor his own sake, he exercises the greatest possible care 

foundry. Ordering steel castings finished-machined enabl 
stant touch to be kept between the machine shop and the fo 
and so leads to the effecting of improvements and the e 


tion of defects. 
Hlow TO OrpER STEEL CASTINGS 


It is essential to observe the three following requir 
when ordering steel castings: 

1. Send drawings or tracings showing finished dime: 
and colored red to indicate the parts of the castin 
tended to be machined. ‘Tracings should have « 
dimensions marked on them, and also the thickn 
the various parts so that a close estimate of weig! 
be worked out. 

Indicate the number of castings required. 

3. Give, #f possible, the weight of each casting. 

To obviate delays, full particulars of requirements shou 
stated on all inquiries and orders, and quality and kind ot 
terial should be specified, whether cast steel, chrome steel, 
ganese steel, etc. If the customer is in doubt, he should give det 
of the duty the casting will have to perform, leaving the qu 
of appropriate material to the maker. It should always be 
whether rough or finished-machined castings are required 
is specially important in sending out inquiries, because ti 
often wasted in taking out two costs, one for the finished-mai 
castings, and one for castings in the rough, so that both 
can be submitted to the buyer. It should also be stated wh 
the patterns are already in existence, or whether the int 
is that the steel-founder should supply his own. 

In the case of gearing and large circular castings, 


customers supply their own patterns, it should be made cl 
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rder or inquiry whether molding-tackle or full patterns are 


ent, since the molding costs vary considerably for each 


lhe quantities required must, for price-Inquiry purposes, be 


to enable the steel founder to decide the method of manu 


ire, because im the case of large quantities special arrange 


can often be made to cheapen production 


When the customer decides to make his own patterns, he 


uld consult the steel-founder as to the best way of making 


Labor-saving methods in large steel-foundries, have been 


perfected that a pattern made in an unsuitable 


Wwe r WAY 


increase the cost of the castings by a considerable amount 


(tern 


not made by men accustomed to foundry work are use 


for molding purposes. The contraction allowance may be in 


clent, or an unnecessary intricacy may mean exceptional dith 
in molding. 


\ 


VNEVGCT send pattems LOO old for Use, 


()/ KS / LON VQ, 2/ How should tool steel he specified 


] th hased: 


\YNSWER. An editorial published in the March-April 1924 
ie Of the /:dgar Allen News, Shetheld, I¢ngland, presents the 


‘lish pot of view on this subject. 


Oo many factors enter into the question of what 1s an eco 


ical steel for the particular job or class of work, that it 4 


t to impossible for a buyer to decide by merely glancing through 
pages of a catalog, what steel it will pay him best to use. 
instance, all classes of tool-steel from the high-speed steel 
to the high-carbon tool-steel, can in their several ways 
economical in certain instances for such tools as twist-drills 
before a buyer can decide when a twist-drill of Red Label 
I-steel, for example, is more economical to use than one made 
xtra Special, he must take into account the quantity of work 
e turned out in a given time, the character of the material 
ng drilled, the amount of profit on the work; or in the case of 


t-drill manufacturer, the particular market for which he in 
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tends to cater, the prices with which he will have to compete, 


SO ON. 


Whether steel is selected for quality or price makes no 
ference to one ruling principle. Cheap or costly, it must b 
pendable. The same label must always guarantee the same 


composition, and character. It follows that a known brand 


is sometimes known as the hall-mark of steel—is indispen: 


Steel should no more be bought without a hall-mark thai 
gold rings or silver spoons. The price paid for a_ recog: 
standard steel buys something more than a certain weight of | 
end alloys. It buys service, skill, experience, watchfulness, 
the guarantee of self-interest on the part of the manufactu 


i) 


who could not afford to put his mark on anything not up t 
WHEN It Pays to Buy CHEAPLY 


With this reservation that, cheap or costly, the steel 
have a reputation behind it, there are uses for which it is profit 
to buy the cheaper grades of tool-steel. 

When the steel is to be used in a workshop where condi 
do not require the employment of skilled workers, there | 
advantage in buying the best grades of steel. Such steels re 
careful treatment in order to obtain the best results. La 
this, they give no better service than the grades easier to 
Such shops include, for example, small engineering works al) 
using native labor; gold and other mines; and similar places \ 
neither physical conditions nor the type of workman availab| 
low of accurate heat-treatment and other careful work. 


WHEN Costly STEELS ARE ECONOMICAL 


On the other hand, it is often an economy to use, (i 
garding cost, the steel that is the best possible for a given 
pose. Circumstances dictating this course may be permanent 
temporary. For example, in making tools of an elaborate 
where the main element in the cost is labor, the most impor' 
consideration is that the tools shali be as good, and shall re 
efficient for as long a time as possible. However costly the 
it is in such cases a minor expense compared with labor. 
best steel gives the most economical results. 

Again, when production must be maintained at high press: 
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ncreased either temporarily or permanently, output is a prime 


ideration. It is better to use more expensive tools than to have 
delayed. The expense of using the best known steel for 

purpose is trifling compared with the increased output. 

But whatever the price of tool-steel, its efficient use demands 


rect treatment of each variety according to purpose. 
THe PurRCHASE oF TooL STEEL 


Before buying steel for tools or any other purpose, the user 
do well to consider the following points, which may con- 
iently be arranged in the form of questions: 

1. For what purpose is the steel to be used? 


2. Is it desirable to use a high, medium or cheap grade? 


3. Quantity required? (How many bars, feet, hundred- 
weights or lbs. ?) 
What shape is required? (Round, square, flat, bevel, oc- 
tagon, etc.) 
What size or sizes? (Many users order too small a size. 
The result is that tools not only run great danger of 
breaking, through the strain being greater than they can 
bear, but are also liable to fail because the section is too 
small to absorb the heat generated by rapid cutting.) 
Is the steel required annealed? 
If ordering by length state whether approximate or exact 
lengths are required. 
te.—High-speed steel is always sent annealed unless otherwise 
specified, and no extra is charged for this work. Where tools 
are forged from the steel, the heat applied in the forge makes 
annealing unnecessary. ‘Tool-steel that is to be machined re- 
quires annealing. 
When calculating the weight of high-speed steel remember 
10 per cent should be added for air-hardening and 12% per 
for special to the figures given in general calculating tables. 
e greater density of this steel makes it a heavier bar than 
linary tool-steel. 
High-speed steels are delivered in bars about 8 to 10 feet long; 
in carbon steels in bars 10 to 12 feet long; miners’ drill-steel in 
12 to 14 feet long, or longer if required; spring steel in bars 
to 14 feet long, or longer if required. 
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How THE Buyer CAN MAKE His Toot STEEL CHeap 
Through overlooking the fact that there are certain 
charges in the case of tool-steels, buyers sometimes mak 
tool-steel bill heavier than need be. The reason for extra 

is plain. Small sizes, being special, are not often ordered. S; 


rolls have usually to be put into the mill for them, unk 


good fortune there happens to be some of that particular s; 
stock. This means, of course, that they cost more to roll tl 
they had been put through, as normal sizes are, with a large 


tity of steel of the same size, making a change of rolls unneces 


Also the smaller the size, the more bars there are to roll in 


hundredweight, with a consequent increase in cost of produ 

The large sizes, from 3 to 8 inches, are more costly to 
Bevels also need special rolling and forging and as they are s 
ordered in large quantities, the cost of these processes 1s 
siderably increased. 

Cutting steel exact lengths involves a certain amount ot 
to cover which an extra charge is charged. It would often b 
more economical not to order steel in this way, but to alloy 


maker to supply in lengths as near as possible to those give: 


OUESTION NO. 128. What heat treatment, if any, cou 


given to a steel’casting of the following composition which 
produce the physical properties as given below? 


aA 


Per Cent 
Carbon 0.65 
Manganese 3 
Silicon 
Phosphorus 
Sulphur yeowtetecs 
Tensile Strength ..... ... over 70,000 Ibs. 
Yield Point ye ... over 32,000 Ibs. 
Elongation in 2 1 Pere over 12 per 
Reduction of area ........ over 18 per cet 





TRANSACTIONS O] 
AMERICAN SOCIETY FOR STEEL TREATING 


| 


Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


STAINLESS STEEL, WITH PARTICULAR REFERENCE TO 
MILDER VARIETIES (STAINLESS IRON). By J. H. G. Mony 


i; 
Transactions of the American Institute of Mining and Metallurg 


rineers, No. 1277-S, (1923). 


paper contains a description of the structure and general prop 
steel containing 11 to 14 per cent of chromium after different 

treatment and the effect on such material of variations 
content. \ discussion is given otf the effect of variations 
mposition and heat treatment on the resistance to corrosion of such 
when 


hromium steel. The | properties produced in such. steel 


special 
to O10 per cent or thereabouts are cov 


4 
content 1s reduced 


as well as the mechanical and noncorrosive properties of 


relation to engineering uses 


DEFINITIONS OF STEEL AND CAST IRON. By Kotaro Honda 


fin of the Institute of Physical and Chemical Research (Japan), No 
ve 405, 1923. 

rt uthor has give ! lefinition ‘el and ci “Ol hei 
ne autnor has given the dehnitions of ste and cast iron trom tnet 


Che maximum amount of carbon contained in iron. as 


temperature is 0.035 per cent and 
1.7 per cent; the 


at room that of car 
dissolved im iron at high temperatures is 
inct meaning with reference to the equilibrium diagram 
carbon. Steel is, therefore, defined as an alloy of iron and car 
which contains 0.035-1.7 per cent of carbon. From. its structure, 


alloy of iron and carbon, which contains above 


on is defined as an 
of carbon. 
TITANIUM IN GRAY CAST IRON. By E. Piwowarsky in Stall 
kisen, No. 43, page 1491, 1923. 
article states that titanium acts much in the same manner as 
though with more marked 
bending qualities 


t 


the graphite formation in cast iron, 


in 
titanium for graphitizing, the 


By addition of 
to 50 per cent or even greater amounts 


e cast iron are increased 
finer-grained. The nonmetallic 


graphite at the same time becomes 
carbides and cyanonitrides are readily dis 


pounds of titanium as nitrides, 
content the 


the microscope. With increased titanium 


iron is greatly lessened. 


hable under 
Olubility of the cast 
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WHAT IS THE CAUSE OF WATER-LINE CORROSION 
K. M. Wetson in Chemical end Metallurgical Engineering, No. 29. 
706, 1923. 


The author states that the solution of a metal formed at th 






face of a liquid in which it is immersed flows downward along th 
iace of the metal. The lower part of the metal is protected from co: 
because that part of the solution which bathes it contains a_ higher 
centration of the metal. 

























USE OF ALUMINUM TO PREVENT STEEL CORROSION 
A. V. Farr in Chemical and Metallurgical Engineering, No. 29, pag 
1923. 

The process, known as calorizing, and consisting of alloying tl 
face of steel with aluminum, protects the steel against corrosion. 









BRONZE-STEEL 
112, page 1381, 1923. 


This paper states that bronze welding rods contaming phosphoru 


WELDS. 


By G. F. Comstock in /ron Ag 








the formation of iron phosphide in ‘the neighborhood of the weld, 
those free from phosphorus show a sharp line of demarcation with }1 
filled cracks running into the steel. 


























PROPERTIES OF STEEL CONTAINING TELLURIUM. B 
B. Waterhouse and I. N. Zavairne, in Jron Age, No. 112, page 1575, | 
The above article states that a careful examimation of a steel 
taining 0.12 per cent tellurium shows the presence of a ‘nonmetallic 
stituent that is probably a telluride, closely associated with manga 
sulphide. When the steel is forged this telluride does not break up 
elongates fully as well as, if not better than manganese sulphide. 

steel is lower in ductility than normal material without tellurium 











SILICON ALUMINUM BRONZES. By Leon Guillet, in Re: 
Metallurgie, No. 20, page 771, 1923. 







The author has prepared, tested and examined micrographically 
of alloys containing 95, 93, 92 and 90 per cent copper respective!) 
varying amounts of aluminum and _ silicon. The results show that 
addition of silicon to the aluminum bronzes did not give any inter 
results, there being appreciable improvement only with the alloy 








taining 92 per cent copper and 3 per cent silicon. There is frequ 








formed a_ special constituent which decreases the mechanical qual 








of the alloy. Twenty photomicrographs are shown. 


















THEORY AND PRACTICE OF STEEL REFINING. By 
in Journal of the Iron and Steel Institute (advance proof) 1923. 


_. ae. 





The author of this article lias endeavored tto show that all react 








between oxygen and the usual elements take place simultaneously. |' 





consequently quite impossible for silicon only to react with oxygen 1 





oxidizing. Manganese, carbon and iron will oxidize at the same tim 
silicon if present in sufficient quantities. 
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Reviews of Recent Patents 
B 
NELSON cee Patent Attorney 


110 E. 42nd St., New York City 
Member of A. S. S. T. 


1.487.554, Process for Hardening Steel Alloys. Adolf Fry of Essen- 


Stadtwald, Germany, Assignor to Fried, Krupp Aktiengesellschaft, of 
Essen-on-the-Ruhr, Germany. 


This patent deals with hardening of steel alloys by nitrogenization, 


is for a process which will not cause brittleness of the marginal 
rs of the nitronized steel and which will prevent peeling off of the 


rs. By way of explanation, the inventor defines the peritectic as 


“The homogeneous crystalline mass which at the cooling of al 
lovs below certain temperature, inserts itself between the still 
existing molten mass and a type of crystal mixed with it 
nd surrounds the latter. By ‘peritectoid’ is understood a 
structural element corresponding to the peritectic which is 
formed at a temperature lower than the temperature of solidi 
feation of a liquid allov, in that at the expense of two al 
ready existing types of crystals a third type of crystal 1s 
formed which introduces itself as a separator between the other 
two and surrounds one of them.” 


invention is based upon the discovery that steel alloys which 
absorbed nitrogen, undergo a peritectoidal transformation which 
s place at a temperature of about 580 degrees Cent. 


(1076 degrees 
) and that if nitronization takes place below this 


transformation 
concentration of the nitrogen remains below the limit at which the 
tle layers are formed. The hardened layer, therefore, does not 
off. The invention is claimed as a process of hardened steel al 
which consists in subjecting the allov to nitrogenization at 
perature below the peritectoidal transformation point. 


ad 


1,487,719, Process of Malleablizing Iron. Henry T. Chandler, 
Marysville, Michigan. 


of 


This patent describes an improvement in the process of malleabiiz 
iron wherein instead of heating the metal through the critical range 
holding it at that point for the required time in the same fur- 
the iron is heated in one furnace and cooled in another thereby 
ng considerable time, permitting the heating furnace and cooling 
nace to be used continuously at substantially uniform  tempera- 
s without being subjected to the extreme high and low tempera- 
ordinarily necessary in malleablizing furnaces. The inventor has 
overed that chemically the rate of heating of the article to be mal- 
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leablized is immaterial, and the higher the initial temperature 
above the critical point the more rapid is the chemical equilib: 


tablished, that the rate of cooling is immaterial except through 


row temperature range and that the initial temperature may 


siderably higher than this range. Based upon these 


discove 
work is heated in the heating furnace to a high temperaturs 
required length of time and then removed to the cooling 


subsequent cooling. The loss of heat in the 


turn 
transferring opt 
is not sufficient to affect the quality of the product 
high temperature at which the work 


be cause 


is removed from the 
furnace. 


1,488,553. Process of Coating Sheet Steel with Aluminum. San 
Peacock. of Wheeling. West Virginia. Assignor to Willis G. Wald 
Washington, District of Columbia. 


This invention relates to an improved apparatus and _ prox 


coating sheet steel with aluminum. In the apparatus as show: 


) 
tank 5 contains a fused bath of alkali metal—aluminum fluorid 


cet. 
is kept saturated with aluminum during the plating operatio: 


sheet steel plates 1 are passed through the bath between th 


e 
i 


: Seber ce ssp + 
th : 
C) 


hh 


2 and 3, the rollers 2 being connected to the negative terminal 
circuit so as to cause the aluminum to deposit on the sheet steel 
as the cathode, carbon anodes 11 dip into the bath and conne 
the positive terminal of the circuit at 10. The rolling of the pl 
between the rollers 2 and 3 insures a smooth and uniform dep 
the alummum. 


1,489,023. Pot or Crucible. Arthur E. Bellis of Springfield, Mass 
and Charles S. Collins of New York, N. Y. Assignors to the Bel 
Heat Treating Company of New Haven, Conn. 


Messrs. Bellis and Collins in this invention seek to avoid 
fects in the prior pots or crucibles used for contaming the 
metal or salt baths for heat treatment, which crucibles often 
porosity after a few hundred hours of use, by substituting for th 
chromium alloy crucibles of the prior art, a wrought pot or ¢1 
of material of substantially the same composition as those heret 
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The wrought pot is absolutely nonporous « th 


thererore, 


lly prevents deterioration of the pot structure in service An 


itive method of securing this desirable result 


according to. the 
is to provide the cast metal pot with an internal lining of pressed 


wrought iron, cast steel or the like, the lining being of non 


is construction so as to prevent leakage of the molten bath and 


xterior being of a substantially nonoxidizing composition so as 


t 


sist the oxidizing action of the heating flames 


1,489,118. Method of Treating Steel. Anthony J. Freitas, of Erie, 


Chis imvention relates to an improved material and method 


Ol 


ng molten steel for the purpose of scavenging and purifying the 


The inventor uses a compound, preterably made up of 40 parts 


tassium prussiate (yellow), two parts fuller’s earth and six parts 


oal which compound is introduced into the molten steel in the 


ce, crucible or ladle preferably in the ladle to reduce the melting 

The addition of this material momentarily increases the tem 
ture of the steel, apparently increasing the physical characteristics, 
is tensile strength, elasticity, elongation, ete., varies the trans 


tion point so as to produce better annealing and seems to chang: 
fiber structure so as to reduce to a large extent cracking of 
il during quenching. 


il¢ 


1,489,626. Heat-Treating Furnace. Samuel Theodore Bittenbender 
ff Brookline, and John G. Allan, of Quincy, Mass. 


This invention relates to the improved type of furnace especially 
mpering and annealing metal bars. The furnace is composed of a 
lrical casing of a length several times greater than its diametet 


prising a lower portion 2 and an upper portion 3 hinged together 
so that the upper portion can be lifted from the lower portion for 
purpose of charging or removing the bars or the like from the fur 


A hearth 10 of firebrick supported along a plurality of walls 
provided in the lower portion 2. The gas or other fuel is in 
uced below this hearth from the pipes 13 leading from the mani 
l4. The gas burns below the hearth and the combustion gases 
upward through the openings 15 into the upper portion of the 
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hearth and are discharged from the pipes 16 at the ends of 
nace. The furnace is especially recommended for economy, 
and the ease with which the material being treated can be 
and removed from the furnace. 


pl 


1,489,682. Method of and Apparatus for Heat Treating Ste: 
ticles. Harold F. Wood, of Chicago, Ill, assignor to Wyman-G 
Co., of Worcester, Mass. 


Ar 


This patent describes a method and apparatus for selective] 
ening the pins, bearings, cheeks and counterweights of crank sha 

It is mecessary in a counterweighted crank shaft to provi 
ficiently hardened bearing surfaces and cheeks of sufficient s 
to resist the stresses to which they are subjected, however, the « 
weights need have only the necessary strength to resist the 
fugal force to which they are subjected and it is preferable 
them relatively soft in order to decrease the cost of machinin 


the method as described the forged crank shaft is placed upo: 
able supporting and positioning arms 19 and 21 and heated abo, 
Ac, point sufficiently so that the crank shaft proper will remain 
the Ar, point until quenched. The temperature is_ preferably 
1525 degrees Fahr. The counterweight portions are then cooled 
temperature below the Ar, point by subjecting them to an air blast 
the nozzles 26 while the remainder of the crank shaft remains 
the Ar, temperature. When the temperature of the counterw: 
has been reduced below the hardening range the crank shaft 
quenched to harden the crank shaft proper, the counterweight p: 
remaining unhardened. 


1,491,510, Fused Eutectic Salt Bath. Arthur E. Bellis of Spring 
field, Mass. Assignor, By Mesne Assignments to the Bellis Heat Treat- 
ing Company, of New Haven, Conn. 


This patent covers broadly the use of a fused eutectic salt 
for use mainly in the*heat treatment of metals. The inventor in 
constitutional diagrams represents graphically (1) a mixture 0! 
salts which do not form chemical compounds, or conjugate 1 
when in a fused state, (2) a mixture which forms conjugate 
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3) a mixture of salt components which form both chemical com 
is and conjugate liquids and pomts out in connection with each 
the eutectic mixture or mixtures has the lowest melting point 
ence the greatest fluidity and a relatively high volatilization point, 


in the diagram reproduced herewith representing a mixture of two salts, 


b in proportions as indicated on the scales A’ and B’ at the bottom of 


TEMPERATURE 


/ 


| / 
4 
2? 


=== 


COMPOSITION 


| 
| 
| 
} 
are 





diagram, t’ is the freezing temperature of salt a, t° is the freezing point 
iit b and te is the freezing point of the eutectic. 
1, EK, 5 is the liquidus line, 1, 3, 4, 5 as the solidus line and 9, 3, 4, 10 
the solid solution lines. It will be readily apparent from the diagram 
the eutectic mixture represented by the line Z has, as is charac- 
stic of eutectic mixtures, the lowest melting temperature of any 
xture of the components, is entirely liquid above the temperature te, 
| entirely solid below the eutectic temperature. There is, there- 
re, only one phase (liquid or solid) in an eutectic salt bath at any 
temperature except just at the temperature te and above the tempera- 
ture te the bath consists of a single liquid the composition of which 
remains invariable under all temperature changes below the point of 
volatilization. 
In the use of an eutectic bath of certain salt mixtures for the treat- 
for example of 0.40 per cent carbon steel, the bath is heated 
htly above the critical temperature of the steel (about 1500 degrees 
) When the steel is first immersed in the bath, some of the 
solution will solidify upon the metal, but as the metal heats up 
coating will be remelted and when the steel throughout its struc- 
reaches the temperature of the bath it will assume a color ap- 
iching that of the bath and become only slightly visible, thereby 
rding a visible indication that the metal has reached its critical 
perature and may now be removed from the bath and quenched. 
the eutectic mixture is most fluid there will be a rapid circula- 
of heat through all portions of the mixture, and the film of salt 
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on the metal surface when it is withdrawn from the bath will 
tively thin. 


[wo examples of an eutectic salt bath are given, 39 per 


sodium chloride with 61 per cent of sodium carbonate and 71 | 
of calcium chloride with 29 per cent of sodium chloride. Th: 
of the patent are, however, not limited to any specific mixture bu 
port to cover any fused eutectic salt bath for the heat treatn 


metals. 


1,491,929. Method of Making Steel. George M. Smith and 
A. Claassen of Chicago, IIl. 


This patent relates to a method of utilizing low grade 
in the manufacture of steel and especially to the use 
having a relatively large surface area as compared to its 
which may be heavily coated with rust. 

The cheap rust coated scrap is put up into the usual 
and has incorporated therewith an amount of aluminum suffici 
combine with the iron oxide to carry out a thermit reactio 
heated in the furnace. These bundles of scrap and alumi 
charged into the furnace and when the heated furnace sets 
thermit reaction, the inner portion of the bundle is heated to a | 
perature, the iron oxide and aluminum are eliminated in the thert 
action and pass off into the slag. The initia! heat of the thermit 
tion being high, the furnace temperature required to melt th 
of scrap is consequently reduced. 

The grade of steel produced by this method is equal to or su 
to that produced by the use of high grade and expensive sci 
the price of the cheap grade together with the aluminum is less 
the price of the high grade scrap so that the cost of produc 
steel by this method is reduced. 
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News of the Chapters 


SCHEDULED REGULAR MEETING NIGHTS 


the convenience of visiting members, those chapters having reg 
meeting nights are listed below. It is desired that all secre 
hose chapters are not included in the list communicate with the 
office in order that the list may be as complete as possible. 
Third Thursday. 
veland—Fourth Friday, Cleveland Engineering Society rooms, 
\VWinton: meeting at & p. m 
igO Second Thursday 
trord—Tuesday nearest 10th of month 
inapolis —Second Monday. 
Haven—Third Friday. 
York—Third Wednesday, assembly room, Merchants 
New York, ninth floor, Woolworth building 
ladelphia—Last Friday, Engineers’ club. 
Citv—Third Thursday. 


Associa- 


BOSTON CHAPTER 


Q . MAY 16, 1924, the Boston and Worcester chapters of the Amer 
in Society for Steel Treating held a joint meeting at Hotel 
Worcester, Mass. At 2 p. m. the party left to visit the plants 
man and Gordon company, Worcester, proceeding from there 
south works of the American Steel & Wire Co. Dinner was 
it the hotel at 5:45 p. m. The speaker of the evening, Dr. 
St. John of the Union Carbide and Carbon Research Laboratory, 
sland City, N. Y., gave a very interesting and instructive paper 
“X-ray Examination of Metals.”” Dr. St. John’s work on this 
is well known and much valuable discussion followed the presen- 
of this paper. A very pleasant afternoon and evening was spent 


+ } . 
In attendance. 


CINCINNATI CHAPTER 


e Cincinnati chapter of the American Society for Steel Treat- 
ld a meeting on May 8 at 8 p. m. at Ohio Mechanics institute. 
Fleming, chief chemist and metallurgist, Andrews Steel Co., 
Ky., presented an interesting paper entitled “‘Alloy Steels, 
Manufacture and Heat Treatment.” A _ very interesting dis- 
was brought forth following this presentation. 
H. Eisenman, national secretary of the society, was also pres- 


he new officers for the ensuing year were elected at this meeting. 
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DETROIT CHAPTER 


The Detroit chapter of the American Society for Stee] 
held a meeting on Monday, May 19. The attending men 
at 2:30 p. m. in the East Engineering building, University 
gan, for an inspection of the university buildings and grounds 
ball game between the University of Michigan and Universit, 
was staged at 4 p. m. Dinner was served at 6:30 p. m. at M 
Union. J. M. Watson, chairman of the chapter, presided at 
ing, which was held at 8 p. m. in the Michigan Union. “The 
sity Program of Extension,” was the title of an address 
Prof. A. H. White, chemical engineering department. Prof 
Henderson, physics department, also spoke on “Recent Deve! 
in Science.” 

Brief remarks were also made by Prof. E. D. Campbell, Prot 
White and W. S. Bidle, first vice-president of the Society. 
addresses, a brief business session was held which included the 
report and announcement of the results of the election of effice: 
coming year. The new officers are as follows: chairman, W. G 
vice president, H. M. Northrup;  secretary-treasurer, Robert 
Executive committee consists of C. N. Dawe, H. G. Freeland, W. G 
F. L. Woodside and H. E. Martin. 


INDIANAPOLIS CHAPTER 


The Indianapolis chapter of the American Society for St 
ing held a meeting on April 14 at the chamber of commerc: 
time E. W. Pierce, metallurgist, Maxwell Motor Corp., Newea 
diana, was the speaker of the evening. The title of Mr. Pierce 
was “Some Production Data on Molybdenum Steel.” This pa; 
very capably presented and was well received. 

The chapter held their May meeting on the 12th of 
in the Y. M. C. A. building, New York and Illinois street 
Schloot, production manager, Diamond Chain Co., addressed thi 
ing, choosing for his subject, “Some Methods of Production.” 
Eisenman, national secretary of the society, was present at t! 
ing, speaking briefly on the progress and standing of the nati 
ciety. Dinner was served at 6:45 p. m. preceding the meet 
officers for the coming year were elected. 

New officers for the coming year were elected at this meeting. 
as follows: chairman, W. R. Chapin; vice chairman, C. B. 
and secretary-treasurer, H. A. Maves. 


LEHIGH VALLEY CHAPTER 


On April 25, the Lehigh Valley chapter of the Ameri 
ciety for Steel Treating held a meeting at the Easton publi 
Easton, Pa. P. E. McKinney, chemist and metallurgist, U. 5 
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interesting paper en 


D. C.. gave a very 
bv Prenatal His 


ictorv, Washington, 
Treater as Influenced 


‘Problems of the Steel 
Material.” This was a 


discussion. 


the most capable presentation and 
forth much valuable 


a meeting on June 2 the Bethlehem Steel 


title ol a very inter! 


Doehler Die Cast 
and 


( at 


Battery building. 


chapter held 
“Die Castings” was the 
paper presented by Sam Tour, metallurgist, 
N. Y. This was a most capable presentation 


Brooklyn, 
valuable and= instructive 


forth much discussion. 


LOS ANGELES CHAPTER 


the Los Angeles chap 


y excellent dinner meeting was held by 
at the cate 


A ver’ 
Steel Treating on May 7 


American Society for 
Together with the 


reamery Co. tasty 


the Los Angeles ( 
edu 


the human element, a 
subject ot 


very interesting and 
“The Manufacture of 
of the Lud 


Stages ot 


vhich satisfied 
presented on the 


1 paper was 
S. Hutton, district sales manager 


Steel” by Thomas 
Mr. Hutton very 
he manufacturing of 
placed emphasis on 
by the proper care 
places it in service. 
the interest taken in 
meeting. 


clearly described the 


this high quality special grade of 


the meritorious features 
and handling 


to. 
n t 
in conclusion, 


an only be accomplished 


steel after the 
Was evidence of 
took place at this 


Discussion last 


customer 
the subject 


rr one hour 


of new ofhcers 


MILWAUKEE CHAPTER 
for Steel Treating held 
D. W. Dunbar, Norton 


“Grind 


Milwaukee chapter of the American Society 
May 26 at Hotel Blatz. 


presented an interesting paper entitled, 
brought out many 


on Monday, 
iny, Worcester, Mass., 


Problems.” This was a 


capable presentation and 


points of information. 


NEW HAVEN CHAPTER 
Haven chapter of the American Society for Steel Treat 

dinner being served 
p. m. G. C. MeCor 
Works, Worcester, 
“Pyrometers.”’ 
Chairman, 


e New 
ld a meeting on 
Milford Arms 
Crompton 
chapter, choosing 


Friday evening, April 25, 
Inn, Milford, Conn., at 7 


and Knowles Loom 
for his subject 


metallurgist, 


addressed the 
llowing new officers were elected for the ensuing year: 
Gravely, superintendent of engineering, Winchester Repeating 
Co., New Haven; vice 
Scoville Mfg. Co., 
R. Wallace & Sons Mfg. 
L. Wood, metallurgist, Bellis 


Davis, director of re 
treasurer, W. G. 


assistant sec- 


chairman, A. L. 
Waterbury; secretary 


Co., Wallingford; and 
Heat Treating Co., New 
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NEW YORK CHAPTER 


On Wednesday, May 21, the New York chapter of th: 
Society for Steel Treating held its regular monthly meeting 
in the assembly rooms of the Merchants’ 


” 
association of N¢ 
The speaker of the evening was A. H. d’Arcambal, metallurg 
& Whitney Co., Hartford, Conn. The title of his paper was 
Tool Steel and High Speed Steels Used in the Manufacture 
Tools.” This paper was presented in a capable manner and 
received. 


NORTH WEST CHAPTER 


On May 7, through the courtesy of H. A. Anderson, a 
the North West chapter, and the Mahr Manufacturing Co., Mi 
Minn., the members of the chapter were invited to visit tl 
pany’s plant, located at 1300 Quincy street. Heat 


treating 
forges, torches and blowers were in operation for the insp 


the visitors. This company has built up a large business 
dustrial concerns and railroads throughout the country = an 
processes of manufacture and performance of their equipment 
well known and it was very interesting to those who had tl! 
ilege of inspecting the plant. 


PHILADELPHIA CHAPTER 


The Philadelphia chapter of the American Society for Ste 
ing held a meeting on Wednesday, May 28, which began at 4:4 
with plant visitation of the warehouses of Horace T. 
Philadelphia. An informal supper was served at 6:30 p. m., 
tors being the guests of the company. The meeting of the 
took place at 7:30 p. m., at which time informal talks wer: 
the following prominent executives: Chas. E. Carpenter, p 
E. F. Houghton & Co., Philadelphia; W. H. Eisenman, natio: 
retary of the society; James H. Dunham, dean, College of Libe: 
and Sciences, Temple university, Philadelphia; F. P. Gilligan, s 
treasurer, Henry Souther Engineering Co., Hartford, Conn.: 
Stevenson, vice president Baldwin Locomotive Works, and_ p: 
Standard Steel Works Co., Ardmore, Pa.; and Prof. Bradley % 
ton, director department of metallurgy, Lehigh university, Bet! 
Pa. Music was furnished by Hersch’s society orchestra, Adelphia 
Four (male quartet) and Christy piano accordion. A smoker v 
in connection with this, the final meeting of the season. Nee: 


say, the members spent a most enjoyable afternoon and evenin: 


PITTSBURGH CHAPTER 


The Pittsburgh chapter of the American Society for Steel 
ing held a meeting on May 6 in the Hawaiian room of the Y 
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enn hotel. This was termed a “shop kink” meeting and discussions 
ere lead by A. St. Clair Ogg, W. H. Phillips, N. B. Hoffman, J. J. 
flones and W. B. Crowe. This meeting was very well attended and 
roved a success inasmuch as many helpful points were brought forth. 
linner was served at 6:30 p. m. preceding the meeting. 


RHODE ISLAND CHAPTER 


The Rhode Island chapter of the American Society for Steel Treat 
ng held a meeting on April 29 at 8 p. m. in the rooms of the Provi 
lence Engineering society. G. W. Pressell, general sales manager, 

F. Houghton & Co., Philadelphia, gave a very interesting paper 
entitled “Quenching Media.” Mr. Pressell, in addition to his capacity 
s sales manager, is also the head of the research department of his 
ompany, who have carried on extensive research for many years, 
vhich work has been very helpful to steel treaters; thus his presen- 
tation was very capable and brought forth much valuable discussion. 

The chapter held their May meeting on the 2lst at Brown univer- 
sitv, Engineering building, Providence, R. I. Prof. William H. Kenner 
on, professor of engineering, Brown university, addressed the at- 
tendance on “Testing of Steel.” This presentation was very inter- 
esting and much discussion followed. <A _ practical demonstration of 


} 


the Brinnel, scleroscope, Rockwell and tension tests were also given. 


ROCKFORD CHAPTER 


The Rockford chapter of the American Society for Steel Treating 
held a meeting on May 16 at which time O. M. Olson, sales man- 
ager of the Eclipse Fuel Engineering Co., delivered a very capable 
talk upon the merits of a single valve control apparatus, manufac- 
tured by the concern whom he represents. This address was most 
nteresting and was well received. The election of officers for the en- 
suing year took place at this meeting. 


SCHENECTADY CHAPTER 


The March meeting of the Schenectady chapter of the American 
Society for Steel Treating was held on the 28th of the month, at which 
time Dr. F. C. Langenberg presented a most capable paper entitled, 
Effect of High and Low Temperatures on the Properties of Steel.” 
One of the main points which was brought out in Dr. Langenberg’s 
paper was his comparison of American nickel ordnance steel and the 
Krupp chrome-nickel ordnance steel. Both of these steels had the 
ime tensile properties, but the German steel appeared far superior 
vhen tested by the Charpy test. It appears that the nickel steel does not 

ive the stamina that the Krupp chrome-nickel has. He _ explained 
ww the Charpy test is used in the inspection of materials in our army 
dnance and how the defenses at the Panama Canal were amazingly 
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improved by the use of the proper materials, properly tested 


Langenberg gave a very capable presentation which brought forth 
valuable discussion. 


The April meeting of the chapter was held on the 15th at 
time J. A. Succop presented a most interesting paper, covering 
shop practices of the Heppenstall Forge & Knife Co., Pittsbur 
paper was illustrated with several reels of motion pictures taken th: 
out the plant. 


' 
oh 
oO} 


The May meeting of the chapter was held on the 19th, whi 
the annual and final meeting for the year 1923-24. About 25 
bers assembled at the General 


Electric parking grounds at 5:30 
and journeyed by automobile to White’s Sulphur Springs Hot 
Saratoga Lake where a most enjoyable banquet was served, th 


for which was defrayed by the chapter. The speaker for this 
ing was J. V. Emmons, metallurgist, Cleveland Twist Drill Co 
gave a very interesting paper on the subject of “High Speed St 


Mr. Emmons reviewed briefly the history of high speed steel a: 


composition, methods of inspection and finally the methods hat 


ing. Following his presentation, Mr. Emmons was plied 


of 
with 
questions which brought forth interesting and helpful 


points Ot 
formation, both from the experiences of Mr. Emmons 


and ft 
experiences of many of the members of the chapter. R. T. 
editor of TRANSACTIONS, was also present and gave a short talk on 
of the activities of the society and especially on those 


pertaining 
TRANSACTIONS. Chairman Merrick called upon S. L. 


Hoyt, secretary 
chapter for a report of the tellers. of election who announced that 
officers for the ensuing year had been duly elected, and are as foll 
Chairman, B. H. Magill; vice chairman, A. C. Mengel; 


secretar\ 
urer, James Taylor; chairman program committee, E. J. 


Edwards; 
executive committee, A. W. Merrick and S. L. Hoyt. At 10:30 p 
the meeting adjourned and the party returned to Schenectady 
tomobile. 


{ 
1) 


SPRINGFIELD CHAPTER 


On Tuesday evening, May 13, the Springfield chapter of thi 
ican Society for Steel Treating held a meeting at the Highland 
Capt. D. G. McGregor, ordnance department, U. S. armory, addr 
this meeting, choosing for his subject, “National Preparedness 


Related to Industry.” This was a very interesting presentation. 


SOUTH BEND CHAPTER 


The South Bend chapter of the American Society for Steel |: 
ing held a meeting on April 30 at the South Bend Y. M. C. A. 1 
Olsen of the Tinius Olsen Testing Machine Co., Philadelphia, 
sented a paper on “Testing. Equipment for All Kinds of Mate! 
which was very interesting and instructive. Report of the nom 
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Os 


] 
| 


selection for new officers for 
ensuing vear. These will be announced 


committee was made, giving thei 


~ 


in the next issue of TRANS 


ST. LOUIS CHAPTER 


The annual meeting of the St. 


rt lLouts chapter of the American Society 


Steel Treating was held on May 19, at the American Annex hotel at 
time C. B. Swander, metallurgist, Wagner 


> 


Electric Corporation, gave 
teresting paper entitled, “Hardening of High Speed Steel Dies.” The 
on of officers for the coming year resulted in the following elections : 
man, F. G. White, National Enameling and Stamping Co., 
vice chairman, Harry Lape, Ludlow-Saylor Wire Co., St. Louis, Mo.; 
tary-treasurer, T. A. Oberhellman, Lincoln Electric Co., St. Louis, Mo. 
Executive committee is as follows: L. T. Clark, 

Louis, Mo.; C. B. Swander, Wagner Electric 
Jackman, Firth-Sterling Steel Co., 


Granite City, 


Leschen W ire Rope Co. ; 
Corp., St. Louis, Mo.; 
St. Louis, Mo.; G. S. Rogers, E 
Houghton and Company, St. Louis, Mo.; and W. E. Buck, National 
imeling and Stamping Co.; Granite City, II. 


TORONTO CHAPTER 


(he Toronto chapter of the American Society 


for Steel Treating 
a meeting on April 25 at 8:15 p. m. 


in room 32, Mining building, 
niversity of Toronto. The speaker of the evening was Edgar C 
research metallurgist, Atlas Steel Corp., Dunkirk, N. Y. The 


bject of Mr. Bain’s paper was “Laboratory Examination of Tool 
eel.” This was a capable presentation and brought forth much val- 
le and instructive discussion. 


WASHINGTON CHAPTER 


On Friday, May 16 at 8 p. m,, 


the Washington chapter of the 
erican Society for Steel 


Treating held a meeting at Hotel Har 
gton. E. C. Smith, chief metallurgist, Central Steel Co., Massillon, 
gave an interesting illustrated paper entitled, “Open-hearth Alloy 
teel Practice.” This lecture covered the general practice employed in 

manufacture of high-grade structural alloy steels and the 
ties of the resulting products. Mr. Smith 


oosing methods described and some 
] 
Ui 


prop 
discussed the reasons for 
of the principal factors asso- 


combinations of alloying elements. 
addition there were discussed the types of 


l¢ 


with the choice of various 


service for which the va 


us alloy steels are particularly well adapted. Annual 
ers was held at this meeting. 


election of 


WORCESTER CHAPTER 


lhe Worcester chapter and the Boston chapter of the American 


for Steel Treating held a joint meeting on May 16 under 
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the auspices of the Worcester chapter. There were also present 
resentatives from the Hartford, New Haven, Rhode Island, Spring! 
and New York chapters. Registration began at 2 p. m. at the War: 


hotel, Worcester, from which place the party left to visit the pl! 


of the Wyman & Gordon Co. and the south works plant of the Am 
can Steel & Wire Co., both plants being in operation. Dinner 
served at the hotel at 5:45 p. m. A brief word of welcome was 
tended by G. C. McCormick, chairman of the Worcester chapter. 
announced the names of the officers for the chapter for the ensui 


year. H. E. Handy, chairman of the Boston chapter, then express 
thanks in the name of the chapter for the courtesy extended by 
Worcester chapter. V. T. Malcolm, chairman of the Springfield cha 
ter, expressed his appreciation of being able to attend the meeti 
and extended greetings from the Springfield members. The 
speaker of the evening, Dr. Ancel St. John, Union Carbide and ( 
bon Research Laboratories, was then introduced and spoke 
Ray Examination of Metals.” A very lively and _ interesting § disx 
sion followed, which extended into the late hours even though it 
been a very long day. This was a most successful meeting with 
attendance of over 200. 


on 





Mla 
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.DDRESSES OF NEW MEMBERS OF THE AMERICAN SOCIETY FOR 
STEEL TREATING 


XPLANATION OF ABBREVIATIONS. M represents Member; A represents Associate Mem- 
r; S represents Sustaining Member; J represents Junior Member, and Sb represents Subscribing 
fember. The figure following the letter shows the monthin which the membership became effective. 


NEW MEMBERS 


\pter, ADAM, (M-5), hardener, American Pulley Co.; mail 4556 N. Col- 
orado street, Philadelphia. 

\rwoop, C. W., (A-3), district representative, Norton Co.; mail 204 Grand- 
view Terrace, Hartford. 


BANNON, T. J., (M-5), Pacific Gear & Tool Co.; mail 1035 Folsom street, 
San Francisco, Cal. 

Berry, L. E., (M-5), overseer, U. S. Cartridge Co.; Lowell, Mass. 

Biro, Myron, (M-5), member of firm, California Saw Works: mail 721 
Brannon street, San Francisco, Cal. 

Burns, A. H., (A-5), salesman, Crucible Steel Co. of America; mail 542 
Folsom street, San Francisco, Cal. 


CARLIN, J. E., (M-6), chemist, Henry Souther Engineering Co.; mail 34 
Sumner street, Hartford. 

CLARK, A. W., (M-5), secretary, Vulcan Tool Mfg. Co.; mail 41 Liberty 
street, Quincy, Mass. 

Conover, C. S., (M-5), chemistry instructor, Wentworth Institute, Boston. 

Crook, W. J., (M-5), construction engineer, Pacific Coast Steel Co.; also 
associate professor of, metallurgy, Stanford University; mail Box 985 
Standtord University, Cal. 


Datton, R. P., (M-5), hardener, U. S. Cartridge Co.; mail 143 W. Sixth 
street, Lowell, Mass. 

Dean, W. J., (A-5), president, Cape Ann Tool Co., Rockford, Pigeon Cove, 
Mass. 

Domonoske, A. B., (M-10), associate professor of mechanical engineering, 
University of California, Berkeley, Cal. 

DonaHugE, A. I., (A-3), salesman, Hawkridge Bros. Co.; mail 726 Com- 
monwealth avenue, Boston. 

Dunvap, W. H., (M-5), purchasing agent, Horace T. Potts Co., Philadelphia. 


Faver, L. E., (M-5), Larkin Specialty Manufacturing Co.; mail 288 First 
street, San Francisco, Cal. 

FLINTERMANN, E. D., (M-5), production and: research in alloy department, 
Michigan Steel Casting Co., Detroit. 

FowLer, J. S., (M-5), metallurgist, Pacific Foundry Co., San Francisco, Cal. 

FREEMAN, W. R., (M-5), purchasing department (steel), E. G. Budd Man- 
ufacturing Co., Philadelphia. 


GEBHARDT, C. W., (M-5), engineer, Echlin, Sheeline and Echlin; mail 
1369 Hyde street, San Francisco, Cal. 

Geis, F. R.. (M-5), chief chemist, C. C. Kawin Co.: mail 573 Mission 
street, San Francisco, Cal. 

GEORGESON, J. T., (S-5), president, Atlas Forgings Co.; mai! 1501 E. Fifty- 
fifth street, Cicero, III. 

:ERLINGER, WALTER, (M-5), president, Gerlinger Electric Steel Castings 
Co., West Allis, Wis. 

GORMAN, Frank, (M-5), foreman, Heat Treating Holt Manufacturing Co.; 
mail 1326 E. Washington street, Stockton, Cal. 
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HAMILTON, W. C., (M-5), general chief chemist, American Steel Fou 
Granite City, Ill. 

Harmon, J. J., (M-5), works engineer, Walworth Manufacturing 
Boston. 

Hitt, THomas, (M-5), metallurgist, Best Steel Casting Co.; mail 365 RB 
avenue, San Leandro, Cal. 

Hitt, S. W., (A-5), salesman, Midvale Co., San Francisco, Cal. 

Hott, LutrHer, (M-5), in charge of tools, Norton Co.; mail 12 Summ 
street, Worcester, Mass. 

HorvatH, L. M., (Jr-4), draftsman, Studebaker Corp.; mul 1028 
diana avenue, South Bend, Ind. 


Jerrries, R., (M-5), Mann Manufacturing Co.; mail 454 Golden Gat 
nue, San Francisco, Cal. 

Jounson, P. L., (M-5), Superintendent of dies, R. Wallace & Sons M 
facturing Co., Wallingford, Conn. 

Jounson, S. S., (Jr-3), 524 Ridgeway avenue, Greensburg, Pa. 

JupPENLATz, J. W., (M-5), chemist, Chapman Valve Manufacturing 
mail 204 Oak street, Indian Orchard, Mass. 


Kanpy, J. J., (M-4), assistant foreman, Buick Motor Co.; mail 746 
street, Flint, Mich. 

Keere, J. H., (M-4), lieutenant in navy, mail 1657 Thirty-first street, 
apartment 306, Washington, D. C. 

Koepke, C. A., (M-6), assistant supervisor time study, Studebaker ( 
matl 502 Victoria street, South Bend, Ind. 

KresseE, ©. A., (M-5), melter, Columbia Steel Corp., Piitsburg, Cal. 

Kurtz, D. E., (M-6), foreman machine shop and heat treating, Jol 
Motor Co.; mat 1161 E. Indiana avenue, South Bend, Ind. 


» 


Lewis, R. A., (M-5), general manager, Bethlehem plant, Bethlehem S$ 
ve Bethlehem, Pa. 

Luuison, H. G., (A-5), secretary-treasurer, Foucar Ray & Simon Co.; 
512 Folsom street, San Francisco, Cal. 


Maueu, A. J., (A-4), salesman, Wetherell Bros., Cambridge, Mass 
95 Vera street, West Hartford, Conn, 

MARSHALL, E. F., (M-2), foreman heat treating, Graham Bolt & Nut 
Coraopolis, Pa. 

McAnprew, T. J., (A-5), district sales agent, Poldi Steel Corporatio 
America, Philadelphia. 

Morampny, J. E., (M-5), rolling mill superintendent, Judson Manutfa 
ing Co., Emeryville, Cal. 

Moore, J. C., (M-5), head of science department, Cass Technical 
School, Detroit. 

Mortey, W. S., (M-5), instructor, department of mining and metallu 
University of California, Berkeley, Cal. 

Moss, M. H., (M-5), hardener, U. S. Cartridge Co.; mat 102 Wannal 
street, Lowell, Mass. 


Ouiver, P. W., (M-5), metallurgist, Springfield Armory, mail 195 N 
ampton avenue, Springfield, Mass. 


T 


Pacet, Howarp, (M-5), chemist, Judson Manufacturing Co.; mail 424 | 
street, San Francisco, Cal. 

Patrerson, T. J., (M-3), foundry superintendent, Columbia Steel C 
matl 248 E. Seventh street, Pittsburg, Cal. 

Pickett, Davip, (M-3), heat treater, Farrington Manufacturing Co.; 
82 Providence street, Hyde Park, Mass. 





VEW MEMBERS 


(M-4), mechanical engineer, Morgan 
Wor -eSce,r. Mass. 
), manager, Milton, A. Purdy Co 
val 


Constructio: 


arD, J. A., (A-5). salesman, Crucible Steel Company of America: 


79 Prichard avenue, Some rville, Mass 


\. J., (A-5), salesman, Crucible Steel Company o \merica, Sar 
Irancisco, Cal. 

\MMEHBURG, J. J., (M-5), heat treater. Scullin Steel Co.: mail 3615 
avenue, St. Louis, Mo. 


<ANDOLPH, SMITH, (M-5). 


Blair 


hardening and tempering department, Templeton 
Kenley Co.; mail 217 N: LeClaire street, Chicago. 


CHUCK, J. B., (1 , 4124 Labadie avenue, St. Lonis. Mo. 

HAW, W. W.., 9), salesman, Colonial Steel Co.: mail 1440 Bryan Place 
Chicago. 

MITH, H. W. (M-5), president and general manager, Great Western Motors 
Inc., San Jose, Cal. 

PENGLER, H. C.. (M-4), foreman, George H, Spengler Co.., Rockford, Ill. 


\NCHEN, D. M., (M-5). tool engineer, Ritter Dental Manufacturing €o.. 
RR chester, N. y. 


ERRILLE, ALAN, (M-5), metallurgical department, Pittsburgh Crucible Steel 
Co.; mail 117 Seventh avenue, Midland, Pa. 

LHOMAS, E. B., (A-4), salesman, Bethlehem Steel Co.; mail 273 larmington 
avenue, Hartford. 

HURSTON, S. R., (M-5), chemist, Bethlehem Shipbuilding Corp.; mail 1525 
Edith street, Berkeley, Cal. 


[URNER, E. J., (S-4), sales manager, McLain Fire Brick Co., Pittsburgh. 


VAUGHAN, A. G., (A-5). salesman, Electric Furnace Co., Salem, Ohio. 
VAUGHAN, S. E., (Jr-5), Stanford University, San Francisco, Cal. 


Watters, H. E., (M-12). United Engineering and Foundry Co., Pittsburgh. 

Warp, J. A., (A-5), district manager, Crucible Steel Company of Am rica; 
mail 542 Folsom street, San Francisco, Cal. 

Warner, F. R., (M-5), toolmaker. Western Electric Mechanical Co.. Oakland, 
Cal.; mail El Cerrito, Cal. 

Watson, S. C., (M-3). general manager, Columbia Machine Works and 
Malleable Iron Co.; Brooklyn, N. Y. 

Watson, W. S.. ( M-12), 191 Adelaide street, West, Toronto, ( ntario, 
Canada. 

WEIDMAN, E, J., (Jr-4), laboratory, Studebaker Corp.; mail 505 East Sampk 
street, South Bend, Ind. 

Wetty, G. D., (M-5), U. S. Aluminum Company, Cleveland. 

Witson, G. F., (A-4), district manager, Ludlum Steel Co.. Philadelphia. 

Witson, W. L., (M-5). laboratory assistant, U. G. I. Contracting Co.: mail 
1326 S. Fifty-sixth street, Philadelphia, 
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WitutiAMS, P. S., (M-5), chemical engineer, Standard Oil Co., San Francis: 
Cal. 
WINCHESTER REPEATING ARMS Co., (S-5), New Haven, Conn. 


Younc, Lare, (S-5), general superintendent, Laclede Steel Co., Alton, III 

Yeaton, H. E., (M-3), melter, Columbia Steel Corp., Pittsburg, Cal. 

ZIMMERMAN, J. H., (M-5), assistant instructor, Massachusetts Institute 
Technology, Cambridge, Mass. 


MAIL RETURNED 


ApAmMs, Rost. B., 2621 Dalton avenue, Los Angeles, Cal. 
ApTIANcE, E. F., Axelson Machine Company, Box 316, Los Angeles, Cal 
Biue, A. A., Duff Manufacturing Co., Pittsburgh. 

CAMPBELL, L. A., 1041 W. Forty-eighth street, Los Angeles, Cal. 
CaruTtTuers, M. W., 1516 Grove street, Evanston, IL 

Dorsam, A. J., 337 Atlantic avenue, Camden, N. J. 

Eart, S. R., Angelus Steel Treating Company, Los Angeles, Cal. 
Jones, J. J., 6 Sedalia St., Avalon, Pittsburgh. 

Lape, Harry, 634 Newstead avenue, St. Louis, Mo. 

Loop, J. F., Oakland Automobile Company, Pontiac, Mich. 
OsterBERG, A. V., 743 Lincoln Way, East, South Bend, Ind. 
Scuaap, A. I., Jr., 292 Lincoln avenue, Brooklyn, N. Y. 

ScuaFer, R. H., Textile Finishing Machinery Co., Providence, R. I. 
ScHLACHTER, H., 4128 N. Maplewood avenue, Chicago. 


Sui, C. J., Box 151, Cambridge, Mass. 

So.serG, F., 447 Maple avenue, Chicago. 

Situ, W. P., 244 Brown avenue, Turtle Creek, Pa. 

Stewart, W. J., 400 Edgemont street, Pittsburgh. 

Syxes, L., New York Shipbuilding Corporation, Camden, N. J. 
Weser, J. E., 709 Sixth avenue. New York City. 

Younc, J., Ingersoll Rand Co., Phillipsburg, N. J. 





ADVERTISING SECTION 


Centralized 
Temperature Control , 


e 
“a This Is What 
The Operator Sees 
IGHTS call his attention to temperature 
deviations. 
Deviation indicator shows exactly how 
much the temperature is off. 
Central station recorders automatically 
operate the lights and the indicator. 


Catalog 87 Tells the Whole Story. Write forit NOW 
LEEDS & NORTHRUP COMPANY 


ELECTRICAL MEASURING INSTRUMENTS 
POTENTIOMETER PYROMETERS HUMP ELECTRIC FURNACES 


PHILADELPHIA, PA. CHICAGO, ILL. 
CLEVELAND, OHIO ee LOS ANGELES, CALIF. 


ee 
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Cost Versus Price 


You are in a highly competitive market. Every manu- 
facturer is striving to make his product at as low a cost as 
possible. 


At such a time there is a tendency to buy material that 
invoices a fraction or so less and in the scramble for low 
prices final cost is forgotten. 


Bohnite is an excellent example of the fallacy of such 
reasoning. An invoice for Bohnite probably will be slight- 


ly higher than an invoice for the same quantity of another 
material. 


But over a run of several hundred tons of steel Bohnite 
will cost considerably less than even the other material 
appears to save. 


For Bohnite has proved times without number that, since 
it goes into the furnace with its full strength it delivers a 
greater efficiency while it is in there. 


Bohnite is not cheap, but it is remarkably economical in 
production costs. 


The Case Hardening Service Company 
2281 Scranton Road Cleveland, Ohio 


Pte Tel 
fo hie 
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Bristol-Fuller 
Controller Valves 


FOR 
Motor Gas and Air Gas Only 
Oil and Air Oil and Stean 
Operated Steam Only Air Only 


THESE ADVANTAGES PROVED 


IN THREE YEARS TESTS: 


|. The greater power supplied by the electric motor 
makes the Valve more reliable and less subject to 
varying influences. 


. Maintenance of accurate automatic temperature 
control. 


. Correct mixture with air, and fuel saving. 
. Higher combustion efficiency. 


5. Greater uniformity in the quality of your product. 


Write for valuable Catalog No. AG-319 


THE BRISTOL COMPANY 
WATERBURY, CONN. 


BRANCH OFFICES: 
Boston New York Philadelphia Pittsburgh Detroit Chicago St.Louis San 
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ADVERTISING SECTION 


AND NOW— 


a new model Rockwell Hardness Tester 


for large pieces 


The highly useful results obtained from the Rockwell Hardness 
Tester by a half thousand manufacturers has created a demand 
for a size to test large pieces. So, this new model, using the 
same loads and penetrators, and having the same hardness scale 
as the smaller sizes has now been perfected. 


It is the Model-4B Rockwell, and will test metals up to 12" 
in thickness, and to a distance of 74" from the edge of the 
piece. 

A large Western Rock Drill Co. is successfully using one of these 
large models to test the end faces of their drill hammers. And, 
a Vermont manufacturer is using one to make exact tests on the 
large hardened parts of pneumatic tools. 


Four standard models are now available for testing metal shapes 
from about .010" up to 12" in thickness. 


——— Write for further information. When doing so, kindly 


give details of the kinds, sizes, and shapes of metals you 
wish to test. 


WILSON-MAEULEN Co., INC. 


Reade ithe 379 Concord Ave., N. Y. C. 
a watch 





Branches in Principal Cities. 
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HEART TO HEART TALK 
WITH STEEL TREATERS 


By the President of 
E. F. HOUGHTON & CoO. 


HAVE been requested to make the circulation policy of The HOl 
LINE plain to the members of the Society. 


There seems to be prevalent the thought that we will mail o: 
only one copy of The LINE to each company, and that the purchas 
or chief metallurgist is entitled to that copy. This is not true. A) 
purchasing agent, works manager, superintendent, department 
shop foreman, metallurgist, chemist, mechanical engineer, stationary 
and any of their assistants, are entitled to be placed upon the mailing list 


All that is necessary is for someone to make the request in writing 
the name in full, the P.O. Address, the identity of the company, and thx 
tion occupied. The person receiving the copy. does not necessaril) 
autograph the request. Any member of the Society may send us | 
names of those qualified and sign the request for all of them, but the pa: 
lars as heretofore described must in all cases be furnished, otherwise the nan 
will not be qualified. 


One member of the Society wrote to me saying, ‘‘As | take it for gran 
you obtain your money back, covering the cost of The LINE from the benef 
of the Heart to Heart Talks, I can’t see what earthly benefit you can 
mailing The LINE to our Stationary Engineer, because all of the Talk 
to refer to Heat Treatment Products, and the Engineer knows nothing about 
such products or their use, and it can do you no good to tell him about them 


It is a queer thing how we all believe we could run the other fellow s 
better than he can run it, notwithstanding the fact that he may hav: 
success Over a period of years. 


When answering advertisements please mention “Transactions 
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rh .re issued each month 15 editions of The LINE. The editorial 
— cated by the Arabic numerals, are alike in all editions. But the 
Heart to Heart Talks differ in each. The initial in the lower left corner of the 


aad) of The LINE indicates the edition. 


Most metallurgists and heat treaters would find their copy marked ““C-H”’ 
eaning Casehardening,’ in which the Talks refer mostly to heat treatment 
abiects. [he edition marked ‘‘M” means “‘Metal.’’ The Talks in this edition 
‘efer to things in general in any metal working establishment, such as lubri- 
wnts, rust preventives, cutting oils, belting, etc. This is the edition which 
mailed to the shop foreman, purchasing agent, etc. Your stationary 
+ would receive the edition marked “‘P”’ meaning “‘Power,””’ in which the 
r to topics pertaining to the power plant. 


\!l you have to do is to furnish us the information and we will do the proper 


Some steel plants have several hundred names on The LINE mailing list. 


The more the merrier, so far as we are concerned. 


[he larger the circulation the lower the cost per single copy of The LINE 
and the greater the margin we have from our annual appropriation, with which 
to improve its quality, so every reader of The LINE is selfishly interested in 
aiding us to increase the circulation, for it will help to make each copy he re- 
ceives better in the future. 


In introducing me to one of my audiences a few months back, the Chair- 
man said, ‘he speaker of the evening requires no further introduction than 
the statement that he is the Near Editor of The HOUGHTON LINE, because 
every executive connected with American industry reads The LINE. Not to 
read [he LINE is as unusual as not to read your local daily paper. We must 
read The LINE to keep up to the minute with events.” 


Rather flowery, don’t you think? But then it is a fact that three times 


more industrial executives read The LINE than read any other publication 
covering only the industrial field. 


Yours fraternally, 


CHAS. E. CARPENTER, 


President of E. F. Houghton & Co. 
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Dorking 
WG i 


The ‘regretted absence of the 
junk pile”’ is depicted below— 
reproduced from Metallurgical 
and Chemical Engineering of 
July 1916 


METALLURGICAL AND CHEMICAL ENGINEERING 


™ marks the spot where —____<< 
[HARDEN! NG Of PT) | 


the junk pile of cast iron and steel carburizing 
boxes used to be every week. The junk 

man notes with regret the obvious absence 

since they have adopted ““NICHROME” 
carburizing boxes. Nichrome 

boxes are not made to foster the 

junk business but to make more 

profitable the hardening depart- 

ment. 


Li ‘y IM i HW = 


UT ts. * HK 
w 


E WILL be glad to s! 

you, by performance records, 
how more than 1200 users 
Nichrome are now enjoying the 
absence of the junk pile—and 
the advantages of more unift 
results. 


When answering advertisements please mention “Transactions 








ADVERTISING SECTION 


OW true 


in more than 
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“ Where Quality is higher than Price ” 
DRIVER~HARRIS COMPANY 
oe HA EY 


RRISON, NEW JERSE 
troit - Canada - England 


Ch © De g ¢ France 
Ni i] TRADE MARK REG. U. S. PAT. OFF. 


-the castings of proven performance 
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What is said to be the world’s most powerful 
light house has recently been completed by the 
French. It crowns the crest of Mount Africia, 
seven miles from Dijon; it cost eight million 
francs and required two years to build. It 
serves as a guide for aviators flying between 
France, Italy and Algiers. It has a tremendous 
range of visibility—-its eight arc lamps totaling 


one billion candle power. 


A Wide Range 
Of Usefulness 


Hoskins Chromel Couples also have a 
wide range of usefulness. This is illus- 
trated, for example, by the experience of 
the Ford Motor Co. 


In reply to our request for information, 
they say that Chromel couples are accurate 
to within « 10° F., and that their ‘‘ac- 


curacy is only slightly affected in gas flame 
or cyanide.” 


When asked “Are they durable?’”’ their 
answer was “‘yes.’”” And then they say 
they prefer Chromel couples to other 
types, because of “‘less oxidation at temp- 
eratures from 1000° to 2000° F.”’ 


They make their own couples (no calibra- 
tion required), and a check on every 
couple shows a “‘very small percentage 


TREATING 


q’ 
i 


Uff 
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a 
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Manufacturers of Automobiles Trucks and Iractors 


Y 
] 


x 
C7, 


Detroit,.U S.A 


“We prefer Chromel 
toWother types o 
thermo-couples, be 
cause of less oxida 
tion at temperatures 
from 1000° to 
2000° F.”’ 

(Signed) 

Ford Motor 


Company xf 


out more than 10° F.”’ Making th 
couples, they “‘save time and n 


The opinions and experiences of t 
Motor Co. with Chromel coup\ 
most identical with those of 
This uniformity of good performan 
dicates why Chromel couples are s 
used. They can be used over a v: 
range, are durable, and accurate—and 
economical. What more could b: 


Ask for Catalog 33-CM 


HOSKINS MANUFACTURING COMPANY 
4437 LAWTON AVE., DETROIT. MICH. 


HEAT RESISTANT ALLOYS 
ELECTRIC FURNACES 


= ELECTRICAL RESISTOR ALLOYS 
PYROMETERS 
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“Signed with assurance” 
expresses the attitude 
of Interstate customers. 
Their experience pre- 
dicts, and rightly, that 
the steel they order will 
arrive on time and ex- 
actly to specifications. 
INTERSTATE IRON & STEEL CO. 


104 South Michigan Avenue 
CHICAGO 


Interstate 
Steels 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Reds, Wire, Nails, Rivets and Cut Tacks 
Iron Bars and Railroad Tie Plates 


‘ . ‘ . “nT. aie al ms) 
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HAGAN 
FURNACES 


Whenever industrial furnaces are discussed, 


Hagan equipment is certain to be mentioned. 


The George J. Hagan Company builds 
furnaces for installation wherever heat is used 


for industrial purposes. 


Knowledge of the fundamentals and a 
quarter of a century of experience building 
just real good furnaces is at the service of 


purchasers of Hagan equipment. 


A furnace and a fuel for every 
Industrial Purpose. 


Coal Oil Gas Electricity 


George J. Hagan Company 


Furnace and Combustion Engineers 


Pittsburgh, Pa. 


New York Detroit Chicago San Francisco 
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BIND YOUR 
VOLUME V 


OF THE 


TRANSACTIONS 


(Completed with the June, 1924, issue, 6 numbers) 


As a service, members may have their 
Transactions bound at cost by sending them 
to National Headquarters together with check for 


$2.00 


Back numbers can be supplied to complete your 
volume at 75c each. 


Send your copies to-day as it is only by 
having a large number bound at the same time 
that this reasonable rate is possible. We will 
bind your Vol. 1, 2, 3 and 4 for you if you wish at 
the same rate. 


American Society for Steel Treating 


/ 4600 Prospect Avenue 
Cleveland Ohio 


When answering advertisements please mention “Transactions 





TRANSACTIONS OF 


AMERICAN SOCIETY FOR STEEL TREATING 





Group of Forming 
Tools made of 
Bethlehem Special 
High Speed Tool 
Steel. 





Locomotive Tire Tread- 
Forming Tools made of 
Bethlehem Special High 
Speed Tool Steel. Bethle- 
hem furnishes the steel, or 
the finished tread-forming 
tools, hardened, ready for 
use. 


For Forming and Finishing— 


Bethlehem Special High Speed Tool Steel has proven its 
value for making forming and finishing tools for machin- 
ing diversified metals—iron, steel, tool steel, screw stock, 
brass, bronze, etc. 


The ability of Bethlehem Special High Speed to retain 
the full efficiency of its cutting edge when taking heavy 
or light finishing cuts at high speeds is one of the factors 
fitting it for this class of work. 


Catalog on Request 


BETHLEHEM STEEL COMPANY 
General Offices: BETHLEHEM, PA. 


Sales Offices: 


New York Boston Philadelphia Baltimore Washington Atlanta Pittsburgh 


Buffalo Cleveland Detroit Cincinnati Chicago St. Louis San Francisco 


BETHLEHEM 
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Through + Through! 


Carbo is case hardening material 
through and through. It does not 
vary in composition or quality. 
Every shipment is alike—every pill 
alike. Hence it removes any un- 
certainties from the carbonizing 
operation due to the case harden- 
ing material. 


Carbo improves the product and 
lowers case hardening costs. 


Carbo costs no more than other 
case hardening materials. 


Rodman Chemical Company 


Verona, Pennsylvania 
Detroit, 408 Manistique St. 


Pacific Coast Representatives 
WATERHOUSE & LESTER COMPANY 


Los Angeles San Francisco Portland 
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Straight Through 


the Years 


N TOOL STEEL nothing takes There is a satisfaction 
the place of Uniformity. Other profit for you, too) in Colonial 
qualities may be supreme, but Uniformity for which there is no 
without Uniformity you can per- substitute. 
haps get results one time—but not 
every time. Let us help you determine tl 
brand of Colonial Tool Steel that 
Once you choose a suitable brand will do each job better, do 
of Colonial, all Tool Steel difficul- quicker, and at less cost. 
ties on that job are over—for all 
time. For in using Tool Steel it is If the job can be done, one 
' of the Colonial Tool Steels 
the price of mistakes, rather than poll eae eI Alen ond 
mistake in prices, that eats into again without change! /! 


your production profits. pays to tie to Colonial. 


Colonial Steel Company . 


Pittsburgh Boston New Haven New York Philadelphia 
Cincinnati Detroit Chicago St. he 
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lan soe 


ME 0A 99 0h AE ee 


Che four Brown Auto- 
maticControl Pyrom- 
eters at Vhe_ Froi- 
land Chain & Mfg. 
Co.'s plant. 


A Splendid Combination 


for Carbonizing, Hardening and Cyanide 


n the Froiland Chain © Manufacturing Company, Springfield, Mass. installed 

ew Electric Heat-treating Equipment—a Carbonizing Furnace, a Hardening Fur- 

and a Cyanide—Pot Furnace—four Brown Automatic Temperature Control 
rometers were selected to measure temperature. 


his way they maintain exact control over each phase of their heat-treating process. 
nsures uniform quality, maximum production—at minimum expense—a combina- 
n of results which point the way to big savings and lower costs. 


) Automatic Control is applicable on all types of gas-fired, oil-fired or electrically 
| furnaces. Wherever uniform temperature is the key to quality you will find 
Brown Control is used profitably. 


today for booklet ““The Automatic Control of Temperature in the heat-treat- 

x of steel” and The Brown Automatic temperature control catalog No. 86. Address 

Brown Instrument Company, 4502 Wayne Avenue, Philadelphia, Pa., or one of 

listrict offices in New York, Boston, Pittsburgh, Cleveland, Columbus, Detroit, 
ago, St. Louis, Birmingham, Denver, San Francisco, Los Angeles, Montreal. 


a used in the world. 
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ee 


“SPRING FEVER” IN THE FORGE SHOP 
Cause—Effect—Cure 


It’s the unbearab! 
and gases from 

style forge—not me 
weather—which is r¢ 
ble for the decreas: 
duction and highe: 
when the men kn 
with the excuse—“"T\ 


to Work.”’ 


The cure may lb« 
through the better \ 
conditions afforded 
1924 model of the R 


well Economizer Fo 


Bulletin 260-C wi 

you how to deal wit 

cause, as well as the effect, 

of the condition res} 
Rockwell Economizer Forge ble f« or much of th 


One of the 1924 Models a rc . 
Simpler, Stronger and Cheaper cost of f rgings. 


W. S. ROCKWELL COMPANY 


50 Church St. (Hudson Terminal Building) New York 


Chicago Cleveland Detroit Montreal, ‘ 
Ellsworth Bldg. Union Trust Bidg. Majestic Bldg. 234 Beaver Ha 


British Representative: Gibbons Bros., Ltd., Dudley, Worc., England 


OCKWEL 
FURNACES 
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Instruments for Correctly 
Timing any Process 


If you have any manufacturing process, where the element 
of time 1s a factor, here is a way to remove the human factor 
of error and improve quality and increase production. 

Stromberg Timing and Signalling Instruments will automati- 
cally make a contact to operate a signal (bell or light) at the 
end of any predetermined time to announce the completion of 
a process. 

These Instruments can be used, if desired, for the automatic 
control, in relation to time, of the opening and closing of fur- 
naces or valves, the opening and closing of presses for rubber 
and insulating materials, or for starting and stopping of motors, 
e{c., etc. 

They are being used with great success for the heat treat- 
ment of steel and rubber, moulding of insulating materials, 
etching, plating, enamelling, sugar refining, etc., etc. 


Write today for particulars 
Stromberg Electric Co., 223 W. Erie St., Chicago, Il. 
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Gy, 


NO + - iD 


-TRADE MARK — 


The Original Rust Preventive 


Is Valuable To You Only 
As You Use It 


The value of NO-OX-ID to you and to the equipment 
and products under your control is not inthe knowledge 
that there is such a product, but rather in your use of it. 


When we tell you that NO-OX-ID prevents rust we 
make no reservations. We tell you the actual exper- 
ience of the United States Government, hundreds of 
steel mills and factories, railroads, steamship lines and 
ice plants. 


When we tell you that NO-OX-ID is economical, we 
compare the ease of using it, the cost and covering 
capacity. 

When we can point to a dozen conditions in close 
parallel with your own where NO-OX-ID is giving per- 
feet satisfaction, we are_showing you a travelled high- 
way to elimination of losses and annoyance through 
rust. 


The base of NO-OX-ID is petrolatum with which are 
blended certain chemical ingredients which quench the 
tendency of the surface of the metal to corrosion. 
Applied by brushing, ey or spraying. Can't 
crack, chip or flake off. Fully guaranteed. 


Send trial order now or let us submit 
additional evidence to you. 


DEARBORN CHEMICAL 
COMPANY 


332 So. Michigan Ave. CHICAGO 
299 Broadway NEW YORK CITY 
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FOUNDER MEMBERS 
of the 
AMERICAN SOCIETY FOR STEEL TREATING 


ORE E. BARKER WILLIAM P. WOODSIDE 
mhurst, III. Detroit, Mich. 


HONORARY MEMBERS 


sIR ROBERT | I Se SS Se 
ALBERT SAUVEUR, Sc. D Cambridge, Mass. 
EDWARD DeMILLE CAMPBELL, Sc. Ann Arbor, Mich. 
JOHN Thee BR ag yy RS ee ere New York City 
ELWOOD HAYNES, B.S Kokomo, Ind. 


HENRY LE CHATELIER Paris, France 


HENRY MARION HOWE MEDALIST 
EMANUEL J. JANITZKY 


London, England 


1922 


RULES GOVERNING THE AWARD OF THE HENRY MARION 
HOWE MEDAL 


The Board of Directors of the American Society for Steel Treating has established 
a fund to be known as the Henry Marion Howe Medal Fund, the proceeds of which 
shall be used annually to award a gold medal to be known as the Henry Marion Howe 
Medal. The award will be made as follows: 


(1) The medal will be awarded to the author of the paper which shall be judged 
. be of the highest merit. All papers in order to be considered must be published 
originally in the TRANSACTIONS of the Society during the twelve months ending August Ist 
of the year in which the medal is awarded. 

(2) The competition for the Henry Marion Howe Medal shall be open to all. 

(3) The award shall be made by the Board of Directors. 

(4) The award may be withheld at the discretion of the Board of Directors. 


SUSTAINING MEMBERS 


The following firms and individuals, because of exceptional interest in 
the work of the Society have contributed not less than $25.00 
each year for the promotion of its objects 


National Society 
COLUMBIA TOOL STEBEL CO....0 6006. Chicago Heights, III. 
EDGAR ALLEN & CO., Limited sraraeas “ia Sheffield, England 
GENERAL®8ALLOYS CO Boston, Mass. 
H. H. Harris, President 
KELLY AXE MFG. CC 
W. C. Kelly, President 
PELICAN WELL TOOL AND SUPPLY CO..... 
M. G. Stewart, Manager 
SIMONDS SAW AND STEEL COMPANY oh ep ah ahaa Raa) rec AMO ahem wa ntsenee Lockport, N. Y. 
VAP I, 0 IRD Se go ore ce sisiw bis 0.0 ead eceda be eed ele awn epee eee eene Slew Latrobe. Pa. 
W. S. Jones, Vice-President 
VULCAN CRUCIBLE STEEL COMPANY 


Charleston, W. Va. 


sis Ssh Weigle Meare Shreveport, La. 


Boston Chapter 
ADAMS AND DURKEE STEEL CO., INC ; 
BLAKE AND KNOWLES WORKG.............0000eeees Cambridge, Mass. 
EVANS STEEL COMPANY, H. a ; : Boston, Mass. 
‘ENERAL ALLOYS COMPANY aps Spl Guin dare eee ...South Boston, Mass. 
GRAY & DAVIS, INC Cambridge, Mass. 
B. I]. Moses, Treasurer 
HARTI BROTHERS & CO... . stcete .. Boston, Mass. 
HAWKRIDGE BROTHERS COMPANY : sis .....Boston, Mass. 
L. D. Hawkridge, Vice-President 
UC ON & RICHARDS, INC.... BN pave 2 .. Boston, Mass. 
George A. Mahoney, Treasurer 
CRO es sae s eva. ; 
Charles C. Ely, Treasurer 
SONS CO.. EDGAR T ee .......Boston, Mass. 
HOUSE ELECTRIC AND MANUFACTURING CO. .............-..eeeeeeeeee+++- Boston, Mass. 
R. M. Keeney, Industrial Heat Engineer 
ELL BROTHERS COMPANY Boston, Mass. 
CK-LOVEJOY CO., INC Cambridge, Mass. 


Boston, Mass. 


Boston, Mass. 
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Chicago Chapter 


ADVANCE PYROMETER SERVICE CO 
W 


Leary, President 


THE 


ATLAS FORGINGS CO 


John T. Georgeson, President. 


a TOOL STEEL 


LUDLUM STEEL COMPANY 
William A. Edwards, District Manager 


PERFECTION TOOL HARDENING COMPANY 


PULLM - CAR WORKSG.............. 
. H. Branch, Asst. Superintendent 


Cincinnati Chapter 
AHRENS-FOX FIRE ENGINE COMPANY 
ALLIS-CHALMERS MANUFACTURING COMPANY... 
AMERICAN ROLLING MILL COMPANY 
ANDREWS STEEL COMPANY is ie 
THE CINCINNATI BICKFORD TOOL CO. 


. H. Tuechter, President 
CINCINNATI MILLING MACHINE COMPANY 


LODGE ‘ soe EY MACHINE TOOL CO 
. Cockburn 


NILES TOOL WORKS COMPANY 
POLLAK STEEL COMPANY 


THE W. S. BIDLE COMPANY 


CLEVELAND FILE COMPANY 
A. A. Murfey, President 


CLEVELAND WIRE SPRING COMPANY 
Chas. H. Erickson 


COL Umma ee STEEL CO 
. Beebe, District Manager 


WARNER & SWASEY CO 


BETHLEHEM STEEL COMPANY 


ALFRED O. BLAICH COMPANY 
J. A. Howland 


THE BRISTOL COMPANY 
H. W. Moss, District Manager 


EDWARD BUSCH. 


Representing Tate- Jones ‘and Company 


THE CENTRAL STEEL COMPANY 

Arthur Schaeffer, District Sales Mgr. 
COLUMBIA TOOL STEEL CO. 

Alex. Luttrell, District Manager 
DRIVER- nese COMPANY 

. Blythe, District Manager 
J. B. cohen conaraaee 
S. Tompkins, Industrial Department 
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Detroit Chapter (Continued) 


ALLOYS COMPANY 
\. L. Grinnell, Detroit Manager 
DENOW FURNACE CO 
METALS, INC 
R. M. Kirk, Representative 
. 
. Ritts, Sales Manager 


TOR CAR CORPORATION. 
F. E. Watts, Representative 


* NORTHRUP 
A. F., Moranty, Representative 
M STEEL COMPANY 
|. E. Polhemus, District Manager 
YMERY CHEMICAL CO 
L. C. Dunn, Manager 
1OL COMPANY 


ea 1 ere eee 
M. L. Hollister 


\f.AN CHEMICAL COMPANY ; 
G. A. Webb, District Manager 


SH CRUCIBLE STEEL CO.. 


H. K. Nixon, Representative 


IUM ALLOYS STEEL CO...... hte 
A. F. MacFarland, District Manager 


SOAP COMPANY.... 
H. A. Montgomery, General Manager 


Hartford Chapter 
\LLINS COMPANY 


MBIA STEEL & SHAPTING CO... cscs cceccccecss 
H. C. Booth, Representative 


H-STERLING STEEL CO 
Henry I. Moore 


RASSE STEEL WORKS..... 


R. K. Newman, Secretary 
FORD CITY GAS AND LIGHT CO 
ARTFORD ELECTRIC LIGHT CO... 
H. W. Derry, Representative 
YRE MACHINE CO 
John J. McIntyre 
DEPARTURE MFG. 
Carl Anderson 
YEP aay RE MFG. CO. (Forge Plant) 
. Mayer 
)] >a MFG. CO. (Plant C) 
F. Casey 
DEPARTURE MFG. CO. (Plant C) 
Patrick Pepper 
ATT & WHITNEY CO 


EY P. ROCKWELL.... 
Consulting Metallurgist 


AN & COMPANY 
Edwin L. Willson, District Manager 


Y SOUTHER ENGINEERING CO 


ER TURBINE COMPANY 
S. E. Phillips, Secretary 


ANLEY WORKS 
Malcolm Farmer, Vice President and General ‘Manager 
WOOD TYPEWRITER CO., INC 


EY MFG. COMPANY 
J. C. Chapman, Representative 


Indianapolis Chapter 


\L ALLOYS COMPANY 
A. D. Heath, District Manager 


Boston, Mass. 


.. Detroit, Mich. 
Detroit, Mich. 


Detroit, Mich. 
Detroit, Mich. 
Philadelphia, Pa. 
Watervliet, N. Y. 
Detroit, Mich 


Detroit, Mich, 


Detroit, Mich. 

. Detroit, Mich. 
Detroit, Mich. 
Latrobe, Pa. 
Detroit, Mich. 


Lansing, Mich. 


Collinsville, Conn. 


. Hartford, Conn. 


Hartford, Conn. 
Hartford, Conn. 


.Hartford, Conn. 
Hartford, Conn 


Hartford, Conn. 
Bristol, Conn. 
Bristol, Conn. 

Elmwood, Conn. 

*Imwood, Conn. 


Hartford, Conn. 
Hartford, Conn. 


Hartford, Conn. 


. Hartford, Conn. 
Hartford, Conn. 


New Britain, Conn. 


Hartford, Conn. 
Hartford, Conn. 


. Boston, Mass 
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Lehigh Valley Chapter 


BETHLEHEM STEEL COMPANY.. 
CARPENTER STEEL CO 


REGAN FORGE 


E. F. HOUGHTON & CO.... 
1. G. Lloyd, District Manager 
KINITE COMPANY .. 
L. L. Tatum, Manager 
ER, See et EE IO on 0:e'6:50.00s ede ewdudcceesceavncseeens Rardin ae cd abdates Take ae isa ae 
WESLEY STEEL TREATING CO.... 
Charles Wesley, Sr., President 


New Haven Chapter 


THE BELLIS HEAT TREATING CO 
Major A. E. Bellis 


THE BRISTOL COMPANY 
H. H. Bristol, Vice President 
CHASE METAL WORKS.... 
Rodney Chase, Advertising Manager 
COREA, at EL COMPANY 
Duley 
EASTERN eae HINE SCREW CORP.. 
T. W. Ryley, Treasurer 
FARREL FOUNDRY & MACHINE CO., INC 
Carl Hitchcock, Asst. Secy. 
INDUSTRIAL GAS EQUIPMENT CO 
F. 1. Newton, Secretary 
a GP vio'n og skins 05:40 Se BAe ed oo see ede ede hea eece New Haven, ( 
REEVES ni ane ee Rn chs W So ake wh wie Kabab ash nie UUM nai we hen MACdwereoaawLee; Milf ( 
©. A. Reeves, Treasurer. 
SE seanaaes ‘MANUF ACTURING COMPANY. 
E. T. Humphreys, Special Representative 
SOUTHINGTON HARDWARE CO 
William E,. Smith, General Manager 


WINCHESTER REPEATING ARMS CO......... 


New York Chaiew 

BABCOCK & WILCOX CO 
CLIMAX MOLYBDENUM CO 

J. D. Cutter, Vice-President and Metallurgist 
CRUCIBLE STEEL COMPANY OF AMERICA... 

Alexander T. Galbraith, Manager of Sales 

DRIVER-HARRIS CO 

J. B. Shelby, Sales Engineer 


Nee ee eae cwdidi dle sue dnsie be Waiwera biked webs Rhee Wee bege veh eeece es New York 
Donald G. Clark 


SO ET ee, PEN ek COMME AINE oc ccecccceccceteserecsctseedsobnvesiocesevssesclVGW VOU 
A. J. Wadhams 


E. LEITZ, INC 
A, Traeger, President 


W. S. ROCKWELL COMPANY 
W. S. Rockwell 


RUSSELL, BURDSALL & WARD BOLT & NUT CO E rN.Y 
Wm. D. Rigney 


ss cece Wesnseeecedsedee ce ene eee bok @edvese seeeen New York ( 
Paul Dorchester, Representative 
Northwest Chapter 
AMERICAN HOIST & DERRICK CO 


Philadelphia Chapter 


AJAX ELECTROTHERMIC CORP 
G. H. Clamer, President 


AMERICAN ENGINEERING CO 
H. A. Peck, Representative 

AMERICAN PULLEY CO 

BEMENT MILES WORKG......... 
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Philadelphia Chapter (Continued) 


NSTRUMEINE CO. «icceccwcs 
George W. Keller, Sales Manager 
ANUFACTURING CO., EDWARD J] 


LENS COMPANY .. bs oan . Philadelphia, Pa. 
Robt. Wooler, Mer 


Philadelphia, Pa. 


Philadelphia, Pa 


SAUL STEEL €CO 
David S. Cann, President 


[DATED MACHINE TOOL CORPORATION OF AMERICA 
E. J. Rollings 


DISSTON & SONS, INC 

HTER & WYETH 

N. C. Einwechter 
NCE PIPE, FOUNDRY & MACHINE CO.. 
IRIS BEALS. SiN Gane sc. 

L. Norris Hall, President 
[{OUGHTON CO 

Charles A. Carpenter 


JUN ILLINGWORTH STEEL CoO... Frankford, 


Clarence Illingworth, President 


Philadelphia, Pa. 
Philadelphia, Pa. 


Philadelphia, Pa. 


Philadelphia, Pa. 


Florence, N J 
Philadelphia, Pa. 


Philadelphia, Pa. 


Philadelphia, Pa. 
5 & NORTHRUP CO.. 
THE MIDVALE GCOw 6 csc. 
Joseph DeCray 


IS, WHEELER & COMPANY at Philadelphia, 
A. A. Ziegler 


Philadelphia, 


. Nicetown, Philadelphia, 


ERLESS BELT LACING MACHINE CO 
Frank Kelley Jr., President 

RACE T. FOTEs. & CO.... 
Charles Wm. Potts 

UTHWORK FOUNDRY & MACHINE CO 
W 


Philadelphia, 
Philadelphia, 


Philadelphia, 
. H. Harman 


\ NY STEEL CO P 
H \ Baxter, Vice-Presider t 
EDGAR T. WARD’S SONS CO 
Y)EMANN MACHINE CO 
Theodore Wiedemann, President 
A. H. WIRZ, INC . eee ; ... Chester, 
A. H. Wirz 


hiladelphia, 


Philadelphia, 
Philadelphia, 


CALORIZING COMPANY 
Brooke L. Jarrett, President 
COLONIAL STEEL CO.... Bete Core a ds beet a 
RUCIBLE STEEL COMPANY OF AMERICA............ 
M. S. Dravo, Sales Manager 
FIRTH-STERLING STEEL CO.... et 
HEPPENSTALL FORGE & KNIFE CO.. 
JONES & LAUGHLIN STEEL CO.... 
LATROBE ELECTRIC STEEL CO 
LATROBE TOOL COMPANY oa ee ae cae eet or — 
J. B. Moore 
MOYNE STEEL CO.... 
H. A. Kuhn, President 
ee 
H. R. Wade, Superintendent 
~§ CONWAY AND TORLEY CO 
N FIRE BRICK CO 
Ernest J. Turner, Sale Manager 
MACHINE CO 
NUTTALL AND CO 
W. H. Phillips, Representative 


R IRON & STEEL CO 
James C. Rea, V. P. 


... Pittsburgh, 


. Pittsburgh, 


....Pittsburgh, 


. McKeesport, 
... Pittsburgh, 
. Pittsburgh, 


... Latrobe, 


Pittsburgh, 


. Pittsburgh, 


Pittsburgh, Pa. 
Pittsburgh, Pa 


Pittsburgh, Pa. 
Pittsburgh, Pa. 


Pittsburgh, Pa. 
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Pittsburgh Chapter (Continued) 


PITTSBURGH ROLLS CORPORATION.... 
Q. S. Snyder, V. P. 


PITTSBURGH VALVE FOUNDRY & CONSTRUCTION CO 


J. LeRoy Fanner, General Manager 


RODMAN CHEMICAL CO 
Hugh Rodman, President 


SCIENTIFIC MATERIALS CO 
E. H. Fisher, President 


STANDARD ALLOYS CO 
H. A. Kraeling, President 


UNION STEEL CASTINGS CO 


UNION SWITCH & SIGNAL CO 
A. L. Humphrey, President 


UNITED ENGINEERING AND FOUNDRY COMPANY.... 
F. C. Biggert, Jr., President 


UNIVERSAL STEEL COMPANY 


VANADIUM-ALLOYS STEEL COMPANY 
Roy C. McKenna 


VANADIUM CORPORATION OF AMERICA.......... 


B. D. Saklatwalla, General Superintendent 
VULCAN CRUCIBLE STEEL CO 
WESTINGHOUSE ELECTRIC & MFG. CO 


BAUSCH & LOMB OPTICAL CO.. 
Ww 


. L. Patterson 


BARBER-COLMAN CO 


BURD HIGH COMPRESSION RING CO.............. 
O. P. Hand, President 


ELCO TOOL AND SCREW CORP 


H. O. Swanson, Secy. 
MECHANICS MACHINE CO 


NATIONAL LOCK CO ee 
F. G. Hogland, Secretary 


ROCKFORD GAS LIGHT & COKE CO. .. 
SMITH OIL REFINING CO 


Springfield Chapter 


AMERICAN BOSCH MAGNETO CORPORATION. ...ccccccccccccccccvcescccese 


St. Louis Chapter 


LACLEDE STEEL CO 


Lafe Young, General Superintendent 


NATIONAL ENAMELING AND STAMPING CO 
G. Hayward Niedringhaus, Works Manager 


Springfic 
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Syracuse Chapter 


pE-CHAPIN CO sda Syracuse, N. Y. 
STEEL COMPANY aoe oe 
ESS GEAR CO., INC owe cess, iittala li 


Tri City Chapter 


DORF COMPANY 


Bettendorf, Ia. 
|. W. Bettendorf, President 


x COMPANY Bias alts 5 eee eee 
H. Bornstein, Representative 
& HECHT 

UGHTON & CO 
|. C. Thompson, District Sales Manager 


JOGRAPH CO 


M. H. Peterson, Manager | 


BODY CORPORATION Moline, III. 


PLOW CO., INC. TRACTOR WORKS... Rock Island, Ill. 
C. B. Rose, Manager 


Davenport, Ia. 


Davenport, Iowa 


.. Davenport, Ia. 


rOOL CO . Moline, Il. 
W. P. Hunt, President 


SLAND PLOW CO...... sec etapa ick salini SSA eT Naa ac onls j ab ... Rock Island, III. 


J. L. Irving, General Manager 


Moline, Ill. 


*. Szekely, General Manager 


MS, WHITE CO.. ere ...Moline, Ill. 


H. Ainsworth, President 


SLEEVE VALVE ENGR. WKS... Kast Moline, Ill. 


iis Ruthenberg, General Manager 


RMAN STEEL CO ane te Bettendorf, Iowa 
A. K. Reading, Manager 


Washington-Baltimore Chapter 


ACK & DECKER MFG. CO Baltimore 
A. G. Decker 


ene cee tile ss area Baltimore, 
G. C. Mashey 


\NN ENGINEERING CO ae eas es seccecccces Baltimore 


Emil Gathmann, General Manager 


Worcester Chapter 


TH & CO : eek .. Worcester, Mass. 
John Bath, President 


. WINSLOW SKATE MFG. CO Mh el Foe ee Se ee ms" pan as ..... Worcester, Mass. 
Russell Winslow, Factory Manager 
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AMERICAN SOCIETY FOR STEEL TREATIN 
BOARD OF DIRECTORS AND OFFICERS 


Dr. GEORGE K. BURGESS, President 


Director, Bureau of Standards 
Washington, D. C. 


W. S. BIDLE, Ist Vice-President R. M. BIRD, 2nd Vice-Pre: 
President 320 Beacom Lane, 


W. S. Bidle Company Merion Station, Pa. 
Cleveland, Ohio 


W. H. EISENMAN, Secretary ZAY JEFFRIES, Treasur 
4600 Prospect Avenue Research Bureau 

Cleveland, Ohio Aluminum Company of Ame: 
Cleveland, Ohio 


DIRECTORS 
T. D. LYNCH, Past President F. P. GILLIGAN, Past Pres 


Manager of Materials and Process Secretary-Treasurer 
Engineering Department Henry Souther Engineering ( 
Westinghouse Elec. & Mfg. Co. Hartford, Conn. 
East Pittsburgh, Pa. 


S. M. HAVENS J. FLETCHER HARPER 


Assistant Treasurer and Manager Research Engineer, Manufacturing De; 
Ingalls-Shepard Division Allis-Chalmers Mfg. Co. 
Wyman-Gordon Company Milwaukee, Wis. 
Harvey, Ill 


Standing Committees 


FINANCE COMMITTEE 
ZAY JEFFRIES, Chairman Members 
Aluminum Company of America J. V. Emm 


Cleveland, Ohio J. M. Wats 
. CG. McKe 


Sam Tour 


PUBLICATION COMMITTEE 


PROF. H. M. BOYLSTON, Chairman Members: 


Case School of Applied Science C. M. Johnson H. Free 
Cleveland, Ohio A. H. d’Arcambal SB. ©. s 

S. C. Spalding E. W. | 

RAY T. BAYLESS, V. C. and Secy. W. H. Laury R. S. A 
4600 Prospect Ave., Cleveland, Ohio J. L. McCloud A. W. | 


MEETINGS AND PAPERS COMMITTEE 


L. D. HAWKRIDGE, Chairman Members 
Hawkridge Bros. Co. H. C. Goodw 
Boston C. E. MacQ 
B. F. Shepher 
RAY T. BAYLESS, Secretary O. T. Muehle 
4600 Prospect Ave., Cleveland, Ohio 


CONSTITUTION AND BY-LAWS COMMITTEE 


S. M. HAVENS, Chairman Members 


Ingalls-Shepard Division, H, J. Stags 
Wyman-Gordon Co. Jerome Stra 


Harvey, Ill. H. K. Briggs 


W. P. Wood 


an 


er 
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RECOMMENDED PRACTICE COMMITTEE 


Dp 


ER. General Chairman Member 
ilmers Mfg. Co. . M. Bird W. J. Merten 
Milwaukee . A. Mathews Zay Jeffries 
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SUB-COMMITTEE ON 
HEAT TREATING DEFINITIONS 
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ttee XIV on Tool Steels of Comm. A 1, A.S.T.M. W. M. Mitchell 
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G. C. Davis, Secy.-Treas., 


Heat Treating Equipment Co., 
79 Milk Street 
Boston, Mass. 
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They wanted less scale- 


THIS IS WHAT 
THEY GOT: 


Calco Recuperator 
Service Records 
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Calco Recuperators are making similat 
records on many types of furnaces, new 
and old. Installations are subject t 
specific guarantees covering results and 
life. Almost invariably results greatly ex 


ceed guarantees. Write for complete data. 


THE CALORIZING COMPANY, 311 Oliver Bldg., Pittsburgh, Pa. 


New York.. 
Chicago 
Cleveland 


District Offices: 


50 Church Street Detroit..........General Motors Bldg 

224 S. Michigan Ave. Houston......1014 San Jacinta Stree! 

Leader News Bldg. Kansas City. ...Commerce Bldg 
New England, 17 Bay Street, Watertown, Mass. 


The Calorizing Company, 311 Oliver Bldg., Pittsburgh 


Send me full information about Calco Recuperators. 


Name 


Address 
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EMPLOYMENT SERVICE BUREAU 


employment service bureau is for all members of the Society. If you wish 
ion, your want ad will be printed at a charge of 50c each insertion in two 
f the Transactions. 
s service is also for employers, whether you are members of the Society or 
If you will notify this department of the position you have open, your ad 
published at 50c per insertion in two issues of the Transactions. Fee must 
uny copy. 
Important Notice 
addressing answers to advertisements on these pages, a stamped envelope 
ning vour letter should be sent to AMERICAN SOCIETY FOR STEEL 
\TING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
tion. It is necessary that letters should contain stamps for forwarding. 


POSITIONS WANTED POSITIONS WANTED 


knowledg. = on seneenayny Conn TOOL HARDENER desires position. Familiar with 
aig eee “A og alee “ : Couns carbonizing and all tool steels. 10 years’ experience. 
. eee = ee SNe tarsi Can give first class references. Capable of taking 
ee oe er a athe pata charge of hardening room. Location in or around 


- dre 5 6-10 New York preferred. Address 5-15. 


a 
KA; oO tant sires yOsition in : , 5 oo . pee 
GIST or Assistant de I CHEMIST AND TREATER desires position where 
New York district At present em ; : 
I : | OE there is a chance for advancement. Location in Phila- 
rs nop experience in Oo C € C 
oT vs ne ‘mga oe delphia or vicinity desired. Reasonable salary. Address 
Three years chemical analysis of fer < 9% ) 
us alloys. Supervision of heat treat . 
1 »ohysical testing. One and one 
mist and moulding foreman in steel 
rs pyrometric and laboratory work 
g steels. Technical graduate Age 28 


6-15 


POSITIONS OPEN 
GIST. Young man at present employed 
listrict, desires position with reliable 
resent opportunity to learn. 6 years 
nce in heat-treating, pyrometry and lography and heat treatment of large sections. Address 
f forgings, including marine, straight 6-5 
cks and drop forge supplies. Will 
details of experience, first class ref- 
ns for making change. Location im- 


ss 4-5. 


WANTED graduate chemist with experience in metal- 


WANTED YOUNG MEN. High grade men to 
travel through the great manufacturing and industrial 
districts to install, inspect and test electrical instru- 

; ; ment and temperature controlling equipment. Special 
Technical graduate desires posi consideration will be given to applicants who have 
perience in metallurgical and chemical had experience in handling instruments, meters, 

and non-ferrous. Now employed gauges, recorders, controllers, etc. Educated men 
utomobile companies in the country. preferred. Unusual chance for promotion. Write, 
yoratory work and shop troubles in stating experience, education, age and salary desired 
sing, carburizing, machining, etc. Address 5-5. 7 
n service complaints, experimental 

| testing. Age 26 years. Detroit 


preferred. Address 4-10. 


FOR SALE 


luatingin June, 1924, having specialized FOR SALE—12 brand new Engelhard recorders of 
nd the heat treatment of materials, the latest type, 1200 and 1600 degrees Cent. scales 

4 connection with some industria! Also 2 point automatic switches for converting into 
sires to follow the art of heat treat- double recording mact 


t achines. Prices reasonable. Address 
5-10. 5-20. 


1 ye 
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Items of Interest 


HE Bristol company, Waterbury, Conn., manufacturers of reco: 

struments and distributors of radio equipment, have leased 2740 squ 
in the Larkin building, 3617 South Ashland avenue, Chicago, in 
adequately take care of the Middle West business, which has grown 
volume. Most of this area will be devoted to repairing and rec 
sristol instruments sold and used in the Chicago territory, but som 
used for stocking made-up instruments for quick deliveries and vari 
of radio merchandise. The present salesroom and offices of the Bi 
pany wil! be maintained m the Monadnock building. 


HAT more safety in coal mines has been the governing influen 

adoption of the research program for 1924-1925 at the Department 
ing Engineering at Carnegie Institute of Technology in Pittsburgh is rr 
the announcement of the five problems selected for investigation. Th: 
five problems to be investigated next year, according to the announce: 
concerned, either directly or relatively, with mine safety. 

Of special interest is the information that “Cost and methods of! 
rock dust in commercial mines” will be one of the five major subject 
vestigation. In view of the apparent acceptance throughout the mining 
in this country that “rock dusting” is the most efficient preventative of 
so far invented, the decision by the Carnegie Tech authorities to enter 
of research is of far-reaching importance. , The results of this study will 
be awaited with much interest because of the obvious unfamiliarity among 
mining engmeers regarding the effective uses of the “rock dust” theory 

Following the arrangements inaugurated three years ago when the c 
mining courses at Carnegie Tech first entered the research field, five 
graduates will be appointed this spring to begin the investigations in Au 
this year. Each of the Fellows will be assigned to a senior investigat 
senting the Pittsburgh experimental station of the United States Bureau 
The co-operatve work of the educational institution and the Bureau of M 
be supervised by an advisory board of coal mine operators and engin 
group selected the problems to be studied. 

In addition to the rock dust research, the following problems 
stitute. the research program: (1) Relative explosibility of different siz 
dust in air: (2) Efficiency in blasting coal; (3) Friction losses in mine cat 
(4) Underground loading devices. The study of “underground loading de\ 
be financed by the Hillman Coal & Coke Co. 

At the completion of the research work on these problems, it is furt 
nounced, full reports of the results obtained by the investigators will be 
by the advisory board for distribution in the industry. 


The Bethlehem Steel Corporation has recently issued the first of a 














ADVERTISING SECTION 


Temperature 


With the F. and F. Optical Pyrometer 
ed ! the temperature is measured by merely ob- 


serving the object. It is accurate, simple, 


K" substantial and direct-reading. 
~\ N\ | (Write for Booklet) 


~ 


Hardness 


The S. M. Co. Brinell Machine is the stand- 
ard machine for measuring hardness of metals 
and is used by the leading concerns. 


Pressure is applied quickly and uniformly; a 
special feature prevents leakage of the hydraulic 
fluid. 


The Scimatco Optical Bench is the advanced outfit 
used by many of the foremost metallurgical firms for ob- 
serving and photographing the micro structure of metals. 


SCIENTIFIC MATERIALS COMPANY 


&verything for the Laboratory - 
PITTSBURGH, PA. 


When answering advertisements please mention “Transactions” 
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news bulletins called the Bethlehem Review, designed to bring about am 
ployes a better understanding of management problems. 

E. G. Grace, president of the corporation, says in the 
initial number : 


forewort 


“It is most important to every Bethlehem employe that he know 
about the problems which affect the Corporation's progress. <A_ bett 


standing of these problems should tend to establish greater efficiency in 


and lower unit costs. Efficiency in production and lower unit 


Costs 


steady work and pay for the Bethlehem employes, and will at the same tin 


a fair return to the stockholders who have furnished the money to 
business.” 


esta 


The first issue of the Bethlehem Review shows the employes thx 
of articles usually considered unimportant which are incidental to but 
in the manufacture of steel, and points out the personal value to th: 
of reducing to the minimum the waste of such articles. 

In the following tabulation are some of the items often wasted in 
facturing. The figures show what the Bethlehem Steel corporation paid 
items last year: 


Paper Towels .... eee a 
Brooms . own oe 17,255 
Window Glass ... Mi oii tee" Ge 
Shovels can. ul 30,000 


Electric Light Bulbs ....... -.. 200,000 


The United States Civil Service commission announces the follow 
competitive examination for the positions of technologist, $3800 to $5000 
associate technologist, $3000 to $3600 a year; assistant technologist, 
$3000 a year. 

Applications wil] be rated as received until July 31. The examin 
to fill vacancies in the Bureau of Standards, Department of Commer: 
entrance salaries stated above. 

Applicants must select one, of the followmg optional subjects 
technology, leather technology, paper technology, textile technology, oil t 
enameled metal technology, some special branch of technology not includ 
of the above. 

The duties of these positions comprise the application of scientific 
to industry; original investigations; development of processes and devices 
testing or treatment of materials; physical or chemical testing; and de\ 
of standards for rubber and related materials, leather and leather product 
textiles, lubricants and other viscous and plastic materials, enameled metal 
or other special or related experimental work. 

Competitors will not be required to report for examination at 
but will be rated on general education and experience, special educatio1 
perience in the optional subject selected, fitness, and writings to be filed 
application. 

Full information and application blanks may be obtained from tl 
States Civil Service commission, Washington, or the secretary of th 
United States civil service examiners at the post office or customhous 
city. 
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SHEETS and BARS 


Special Alloy Steel 


We Develop Steels Required 
For Particularly Hard Usage 


SIMONDS 


Saw and Steel Co. 
Lockport, N. Y. 
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John J. Crowe, for a number of years in charge of the testi 


earch laboratory at the Philadelphia Navy Yard. has resigned his 
here to accept a position as engineer in charge of the apparatus, res: 
levelopment division of the Air Reduction Co. at 100 Forrest Street 


Ity. 


J. J. CROWE 


Mr. Crowe has been a very active member of the A. S. S. T 
played an important part in the progress of the society, having ser\ 
member of the board of directors in 1921 and 1922, and has also 


two terms as chairman of the Philadelphia chapter of the society. 


The Perfection Tool Hardening Company, Chicago, formerly located 
South State street, have moved into their new permanent home at 1742 


Austin avenue, and will be glad to have their friends visit them at any 


It has been announced that the Harr Sales Company, Detroit, 
appointed exclusive sales representative in the state of Michigan 
city of Toledo, Ohio, for the Pittsburgh Instrument and Machine Comp 


Pittsburgh. This company manufactures hand and power operated Brinell 
machines, Brinell microscopes and many other instruments for the testing « 


E. B. Neil, formerly with the American LaFrance Fire Engine ‘| 
New York City, is now located at 165 Broadway, Room 3121, in the capa 


advertising engineer. 


Vanadium Alloys Stee! Company, Latrobe, Pa., announce thi 
their offices from 143 Liberty street to 270 Madison Avenue, New \ 


J. H. Roberts, eastern manager of sales, is in charge of this office. 
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SPENCER TURBO -COMPRESSORS 


give 
LASTING SATISFACTION 


[he Spencer line of Turbo-Compressors for | lb., 114 lb. and 2 lb. pressures meets a 
wide demand for an efficient equipment of the ‘‘slow speed”’ turbine type for use in 
supplying air for oil and gas burning furnaces, foundry cupolas, etc. 


it has no contacts nor even close clearances, hence no chance for wear. 


It is a direct connected, self-contained unit, hence no belts, gears or chains with their 
resultant losses and noises 


[t gives constant pressure with no pulsations and no surging. 


[he current consumption inherently decreases in proportion to reduction of volume 
of air used, eliminating all auxiliary governors. 


Motor End No. 1560 Turbo-Compressor 


The Spencer Turbine Co. 


HARTFORD, CONN. 


Ask your furnace manufacturer for details 


A ETE LTA RE ARR 


When answering advertisements please mention “Transactions” 
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A definite program of investigations in metallurgy in co-operation 


United States Bureau of Mines was recently adopted by the Carnegie 


of ‘Technology in Pittsburgh as an extension of its ever-imcreasing 

scientific research, according to an announcement from Dr. Thomas S$ 
president of the institution. Immediate action to initiate the metallur; 
search has been taken by the establishing of four fellowships to begin in\ 

of problems in August, 1924. 

The fellowships, says the announcement, will be awarded to college 
the appointees to register as candidates for the degree of Master of 5S 
Each will be paid a yearly stipend of $750.00. 

The move to add metallurgical research to the program of investigat 
Carnegie Tech is considered to be one of the most important decision 
made in the Pittsburgh institution. In carrying out the work, the Institut 
have not only the co-operation of the United States Bureau of Mines, 
financial aid and assistance of an advisory board of metallurgical engin 
steel manufacturers of Pittsburgh. 


At the annual meeting of the stockholders of the Firth-Sterling Steel ( 
held April 29, the following directors were elected: Lewis J. Firth, p 
Eben B. Clarke, vice president; D. E. Jackman, treasurer; L. Gerald | 


Thos. D. McCloskey. E. D. Gray was elected secretary of the company 


The Leeds & Northrup Co., Philadelphia, 
following: Catalog No. 75, entitled, “Apparatus for Electrometric De: 
nation of Hydrogen Ion Concentration”; Bulletin No. 680, entitled 
beth Illuminometer”; and Bulletin No. 871, entitled, “Temperature M 


ments in Generators, Transformers and Cable Systems.” 


have recently publish 


John P. Roberts, formerly metallurgist with the Burroughs Addi: 
chine Co., Detroit, is now connected with the Cleveland office of the \\ 


Maeulen Co., in the sales capacity. 


E. H. Vogel has severed his connection with the Union Electr 
Corp., Carnegie, Pa., and has accepted a position as sales enginee: 


Witherow Steel Co., Pittsburgh. 


fulletin No. 258 has recently been published 
Company, New York City. This publication 
the Rockwell Air-Tight Blast Gate, and 


by the W. S. Ro 
deals with the advanta 
States that it 


is being used 
sively for many difficult control operations in 


which expensive valves 
formerly used. Further, it is preferred not only because of its low 
but also its novel construction insures freedom from costly delavs d 
clogging and replacement of parts. It is air-tight, 


strong, and qui 
positive m action. 
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rick Crabtree, head of the denartment of mining and metallurgy at. the 
Institute of Technology, has been elected to the presidency of the Engi 


ietvy of Western Pennsylvania 


Midvale Co., Nicetown, Philadelphia, has added Washington to the 
district offices, its location being at Fifteenth and H_ streets, N. W 


urcy Browne, Ine., tormerly located at 120 Broadway, have moved 
ces to 8 West Fortieth street, New York City 


liam J. Gambel Jr., of the Vulcan Steam Forging Co., Buffalo, 


was elected president of the Engineering society of Buffalo. 


Albert Sauveur, who is now sojourning in Europe, delivered a lec 
lune 5 at the University of Grenoble, France. It is understood that 
time of his presentation he received a higher degree in acknowledg 
his important metallurgical researches. 
vill be recalled that Dr. Sauveur received the Bessemer Gold Medal 
May meeting of the British Iron and Steel Institute, 1924. 


Py > Automobile and other Alloy 
all Steel Specifications are 


o>) 
37 


becoming more and 
more exacting 


It is necessary, therefore, to use the highest grade of raw 
materials entering into the construction of automobiles, 
machine parts, etc. 


In the manufacture of our various metals and alloys, we 
must use, and do use, the highest grade of ores, oxides and 


aluminum. 
Tungsten Powder 97-98°% Pure Chromium 97-98% 
Pure Manganese... 96-97%; Ferro-Tungsten 75 80°, 


Ferro-Chromium 60°" Ferro-Titanium 25% 
Ferro-Vanadium 35-40°% (1° Silicon) 


Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


Pittsburgh 


hicayo 120 Broadway, New York City = s. San Francisco 


Bosto Toronto 


When answering advertisements please mention “Transactions” 
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42 years of satisfaction prove that it 
pays you to use 


CHEMICALS 


The best and cheapest basis for your 


SURFACE HARDENING MIXTURE 


guaranteed 51/52% cyanogen 
equivalent to 128/130, Po 
tassium Cyanide 


< Sodium Cyanide 96,98‘ 
Naha | : 


Getic: 


Add Soda Ash and salt as required for best result 


As alternatives we offer 


R & H Case Hardener (30%) 

Special Case Hardening Mixture 43/45°% 
lump or granular 

Cyanide Chloride Mixture 73/76% in 
lump form 


Apply to us for technical assistance 


The Roessler & Hasslacher Chemical Co. 


709 Sixth Avenue New York City 


When answering advertisements please mention “Transactions 





Al DV ER ISING SE( l ION 


HOLCROFT FURNACES 


THE STANDARD OF EFFICIENCY 
AND ECONOMY 


4 = eid 
| a sd 


ail 


000 Connecting Rods Weighing One Pound Each Have Been Heat-Treated in 
Continuous Furnace at 1500°F. on 4940 K.w.h. 


4940 
——= .079 K.w.h. per Pound 
62.000 
If Power Cost Lléc per K.w.h. 
.079x1 4c= $.00118 Cost per Pound. 
treatment is so uniform that the carbon content can be accurately estimated 
1 the Brinnell hardness number. 


Units can be replaced in 20 minutes without 
interrupting production. 


We Also Build 
Furnaces for Any Fuel or any Capacity 


Electric Melting Malleable Annealing 
Open Hearth Electric Heat Treating 
Steel Annealing and Annealing 
Malleable Melting Core and Mold Ovens 


HOLCROFT & COMPANY 


6545 EPWORTH BLVD., DETROIT, MICH. 


When answering advertisements please mention “Transactions” 
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“eg Erichsen Testing M chines 
Standard the World Over 


For the Determination of th 
Stamping, Compressive an Folding 
Qualities (the ““Workability” of Sheet 
Metals. 
Know your Meta! 
Save time and save m: ney. 


)rawing, 


The Bock Machine Company 
3618 Colerain Ave. 


Cincin nati, 0. 


F. J. Goodenow Furnace Co. 


DESIGNERS AND BUILDERS OF 


INDUSTRIAL FURNACES 


FOR ALL PURPOSES AND ALL FUELS 


Functional efficiency and 
freedom from repairs our 
strongest claim upon our 
customers. 


255 Meldrum Ave. 


Detroit 
Built-in Double Chamber Carbonizing Furnace 


ZIV’S “WIZARD” 


UNBREAKABLE TOOL STEEL 


After tempering, this point was Especially Adapted for 
bent cold, several times both 


ways without breaking. Pneumatic Tools 
ZIV STEEL & WIRE CO. 4423 W. Kinzie St., Chicago 


Thi k ; | 
“uaa. t N E H _ ~ Cc O S 


Consider six popular case hardening steels as follows: S.A.S. 1112 or 1120; 1015 or 1020; 2310 0 


2320; 3115 or 3120; 6120; and 2512. The following properties are tabulated from left to right 1 
of increasing magnitude: 


Costs of steel 4 6 
Case hardness 2 
Tensile strength 5 
Impact strength. . i 
Machinability 4 6 


NEW ENGLAND HEAT-TREATING SERVICE CO., INC., Hartford, Conn 


Agents for . 
American Gas Furnace Co. Rodman Chemical Co. 
Wilson-Maeulen Co. Duraloy Co. 


See advertisements elsewhere in this issue of TRANSACTIONS. 
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STAND UP UNDER FIRE 
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General Alloys Co. 


Edited by 
H. H.-HARRIS 


‘“You have not read 
Transactions until 
you’ve read The 


BOX BULLETIN”’ 
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HOW ABOUT IT? 


A Manufacturer's duty to himself and his trade does not end with the 
production of the best Product. It does not end with the sale of that Product 


The greatest part of the sales work done by the manufacturer of any High 
Grade product is Educational or Missionary Work, which reflects directly fo; 
the good of the entire trade and to the benefit of Mankind in general 


The man who sells a High Grade and necessarily higher priced product 


Av 


must first convince a prospective buyer of the economic fallacy of buying and 
using lower quality cheaper products. His argument is a basic [Economic 
doctrine, that better raw materials, better workmanship and better Engineer- 
ing are cheaper in the end in any manufactured product from a Circus Tent toa 


Timber Hook. 


He is doing his bit to Elevate the Processes of Industry, and the | hought 
and Engineering of his generation. 


Less than 10°% of all Mankind think, or work, in terms of precision. | 
would be nearer correct. Less than 20% of those who have the money, eithe! 
individuals, or corporations really buy the higher quality merchandise 
are content to ‘“Get By.’ Do You realize that apart from the work of ina- 
viduals no man makes money except as he spends money to make money. Are 
you aware that more money spent for quality products will earn larger profits 
almost without exception, than less money spent for low grade inferior proc 
ucts of any description. Some men build their houses to last for generations 
buy their clothes to give years of wear, and in general possess a Greater Degree 
of Permanence—a Mental and Moral, as well as an Economic Superiority 
those who lack foresight, and compromise with mediocrity. 


CRReie ne 


‘ 
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DO YOU 
CONSIDER 
UNIFORMITY 
AN ASSET? 


[he Uniformity of Q-Alloys, to the maximum extent that uniformity may 
e attained in a casting, is assured in Q-Alloys. The illustrations show furnace 
rails 28 ft. long, and a hand full of small castings made from the same analysis 
on the same heat. 


DO YOU CONSIDER THAT 
UNIFORMITY IS ESSENTIAL 


TO DEPENDABILITY ? 


When you test Q-Alloy yourself, or observe its satisfactory performance in 
some other plant you may be sure that this performance will be duplicated 
inder similar conditions. Some of the largest heat treating plants in the world 
run to schedule with Q-Alloy MACHINERY which functions perfectly at a 


very high temperature. 


ALLOYS ino eres 
- S AND DEPENDABLE 
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MIDNIGHT AIR 
NEW ENGLAND ROADS 
YOUR SEPTEMBER VACATION 


Barring the aroma of a New England dinner, there is nothing that fits my 
nostrils like the smell of burning gasoline on the midnight air. Fritz agrees 
with me, there’s nothing like it. The grand and glorious sensation of miles of 
road slipping along beneath you, that delectable fragrance in your nostrils, 
and the purr of contented cylinders in your ears, is simply incomparable 
Every dog may have his day, but give me my nights on the highway, where 
towns slide by evenly and frequently, and State lines are merely incidents 
Some say the joy of Touring is gone, but they are the unfortunate ones who do 
not know our Eastern roads, our Mountain Highways, and our Boulevards by 
the Ocean. They have never traveled as we travel. 


Are you going to DRIVE EAST in September for the Steel Treaters _ 
in Boston? If not, Why Not? Do you know of a more agreeable, or 4 !ess 
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expensive Vacation than a trip to Boston in September? Do you know of a 
better Season to Drive? Do you realize how easy it is to travel 300 to 400 miles 
yn all roads East of Buffalo? Do you realize that you can ship your car 
from Detroit to Buffalo, saving 350 miles, for approximately $18, and that fine 
staterooms on the giant D. & C. Boats cost less than hotel accommodations. 
Leaving Detroit at 6 P.M. you reach Buffalo at 8 A.M. Itis 5 hours easy drive 
to Syracuse. It is 5 hours drive to Albany from Syracuse. All paralleling the 
Route of the famous Twentieth Century Limited. From Albany you cross 
the Hudson River taking a beautiful scenic road through Pittsfield to Spring- 
field, and along the Boston Post road through Worcester to Boston. (Approx- 
imately 7 hours). We cover this route, and the route from Pittsburgh through 
New York to Boston several times a year, using the Boulevards in preference 
to the Railroads. This is written from Cincinnati. The roads from Cincinnati, 
Indianapolis, and points West are excellent. We are motoring to Chicago, 
Milwaukee, and adjacent points, and then back to Boston. We will return 
again and complete another round trip before the Show. 









Anyone writing the Boston, Detroit, or Chicago Offices of the General 
Alloys Company will receive reliable road information. Five of our men, anda 
few dogs are covering the roads regularly. Seriously, we urge you to consider 
taking your Vacation in New England. You can kill 2 birds, or more, with a 
single rock. The opportunity may not again present itself. Think it over. 
DECIDE TO COME EAST BY MOTOR. 

BISMARK. 


To Our Friends and Customers 


We have made tentative reservations in all of the leading 
Boston hotels for the week of September 22. We have definitely 
reserved a number of rooms in the following hotels which we 
recommend: 










Copley-Plaza Lennox Somerset 
Westminster Brunswick Vendome 
Copley Square 










_ This is done to insure our friends and customers of satis- 
factory accommodations in Boston during the Steel Show. 


Kindly advise us at the earliest possible moment how many 
rooms you wish for your representatives who will attend. 


Give dates and names if possible, also please advise hotels 
you prefer or rates desired. We'll do the rest. 
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The Tale of Loofmad, 
Maker of Mouse Traps 


By KRIT ICKLEPOINT 


NCE. upon a time, there lived a man, Loofmad, by name, the son of a Cheesemon 
was bound in apprenticeship to a mighty makerof Mouse Traps, that he might Jea; 
secrets of this ancient trade. 


Having toiled unceasingly in the pursuit of his honoured craft he was in time rewarded }y 
admission to the Guild of Snare Smiths, and set forth to glean his rightful share of the world’s 
treasure. 


Being of no mean talents, and not unmindful of his duty to posterity, Loofmad conceived 
the vision of a more perfect Mouse Trap than ever yet devised by man. A still smal! voic 
within him said “‘Loofmad, go ye forth and seek thy fortune—but tarry not in the Bazaars o| 
Bagdad, or the Cabarets of Cadiz. Pass ye by the comely maidens, tarry not in tempting tap 
rooms, but seek ye the solitude of the forest, and there construct thy meritorious mouse tra 
Make ye a better trap than thy neighbor, and the world will beat a path to thy door.’ 


Deep into the forest went Loofmad, and there fabricated the finest, the most perfect, and 
the most beautiful mousetrap known to man. Then he set himself down to wait for the world 
to beat the path to his door. 


Loofmad waited, and it came to pass as predicted that the world beat a path to his door 
No single day there bowed unto the setting sun, but that a score of visitors had come. The 
portal of his habitat he fitted with a coco mat, with “‘Mizpah”’ 'blazoned in the center, to bid 
all comers ““Welcome-Enter.”’ The rhythmic tread of hurrying feet soon wore the path into a 
street. And Loofmad’s stenog took the cards of men from every clime, who'd traveled in fron 
far and wide to take up Loofmad’s time. They came to sell him maps and booze, comptometers 
and pencils—Machines for posting up his books, machines for cutting stencils. They wanted 
to insure his health, write Workmen’s Compensation, sell him a car of apple sauce, Co!lect On 
Destination. The Agent for the publisher of “Safe Unlisted Stocks,’’ preceded a Chronologist 
selling synchronized Time Clocks. The Mouse Trap Maker’s Union had a deligation there 
to see that Loofmad’s hired hands were treated fair and square. A Federal Tax Inspector came 
to check up his return. Another bird sold sheet iron safes, ““The contents cannot burn 
‘A Sailor” selling Panamas that he had “Smuggled”’ in. A Bootlegger with samples of some pain! 
removing gin. The check protector salesmen came in droves and did their stunts. There were 
Muscle Shoals promotors sporting million-dollar fronts. The Postman sold him tickets to th 
letter-carriers ball. The Pastor of his church dropped in on a financial call. A dozen of his 


relatives, thot he was making dough and sent him collect telegrams with lengthy tales ©! 
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1e Salesmen came by thousands in a never-ending train, and Loofmad’s nerves were 
| he was suffering from the strain 


lso should be mentioned, Loofmad got a stack of mail. Everybody seemed to write 

, that had a thing for sale. He got letters from professors, who advised, if he were thin that 
they could give him secrets that would put more weight on him—But—if he happened to be 
stout and wanted to reduce, that they would send him pellets to pry the fat cells loose. He got 
‘fering courses in Dairying, or Law, and letters quoting special rates on barrel lots of 

le was urged to take up music, learn to play by ear by mail. He was warned of falling 

of his Go-Glands getting stale. One Institute gave lessons, in the home, on ‘‘How to 
another gladly offered to make a “Pivot Man” of him. They sent him weekly Bull- 

to digest where he sat, which if he read them carefully would make him a Pluto-crat. 
proper use of *“Will-Power’’ would make the Buyer Buy for him. The Proper use of ‘“‘Man- 
Power’ would make the Maidens cry for him. In the meantime Loofmad labored hard, and 
piled the Mouse Traps high, but not a single buyer hunted Loofmad up to buy. The Public 


lidn't beat a path to purchase Rodent Snares. But smarter men came there to tell the merits 


their wares 


[he Mouse Traps didn’t sell themselves, and Loofmad couldn't pay the scores of Bill 
Collectors who dropped in every day. The Landlord came to dunn him for long neglected rent. 
lis sweetheart quit him cold because he didn’t have a cent. His creditors descended, debts 
engulfed him like a flood, and a dozen money lenders were howling for his blood. The Sheriff 
finally sold his stuff, and tossed him out the door. 


Sick and disheartened sat Loofmad*, as he pondered o’er his plight. 


“| guess,’ said he, “I’ve headed Left, I haven't headed right But, I have learned a lesson 


a costly lesson too, and as one Mouse Trap Maker to another, I'll pass it on to you.” 


Merit alone won't sell your stuff, Concentrated Quality, is concentrated energy 
Matter not how well you make it, Both Mental and Physical, so thoroughly economica | 
(he Buyer will not hunt you up, By ratio of the Brain to Bulk is how God grades the 
e search you out and take it animal 
By ratio, too, of Power to Mass, are rated things 
Mechanical. 
You must take the buyers as they come 
Some few are smart, but more are dumb, In Concentrating Power to Mass, our Labours are Con- 
Preach long and loud, the Basic theme, structive 
[hat Quality will stand supreme, In diluting effective Force, Our course is most Destruc- 
Chat buying for economy tive 
| ying Basic Quality 
In adding thought to conserve Force we really Con- 
centrate it 
Better men the Better things, Energy is not confined to Mass, to Man, or time 
prise a small Minority, The Force of Mass and Mind is readily combined, man 
that is Selling Quality, rates, he does not make it. 
re bucking the Majority Energy is indestructible, no matter how you take it. 


loys combine the Energy of pure metals, the physical labor of able men, Electrical Energy, and the 
nergy of our organization in a common constructive force to your advantage. 


—KRIT 


Spell backward. 
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QALPY: 


. 


STAND UP UNDER FIRE | 


Q-ALLOYS 


Most Economical and 
Efficient Materials 


For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 
FURNACE PLATES 
MUFFLES AND RACKS 
TUBES AND RETORTS 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 
ANY PARTS 


operating between 1000°F. 
and 2200°F. 


GENERAL ALLOYS COMPANY 


BOSTON—27—MaASS. 


CHICAGO BOSTON NEW YORK 


122 So. Michigan Ave. 168 Dartmouth Street 26 Cortlandt Street 


DETROIT CLEVELAND INDIANAPOLIS 
General Motors Building 2281 Scranton Rd. Merchants Bank Building 


ROCHESTER TORONTO ST. LOUIS 
921 Granite Building 191 Adams St. 1517 Olive St. 
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To the Members 


Piease advise us of your last change of address so you may 
have prompt receipt of the Society publications. Make it 
possible for us to give the service that you expect and we 
want to give. 





















Fill the form below and mail today 





American Society for Steel Treating, 


4600 Prospect Auenue, 
Cleveland, Ohio. 


Gentlemen: 
Please check my address record and change it to agree with the following: 
Name...... 

New Mail Address ..... 

Business Address.............. 


Position or Title ........ 


Old Address was 


* Pee j 
——— EE 
rae = 














[he NU-TYPE is the most beautiful and artistic pocket pencil on the market. In 
construction, in artistic finish, and design, in its sturdy wearing qualities it endears 
tself to its users. It is a “‘different’’ pencil, and a better pencil. 

(he barrel is made of light, hard, enduring rubber composition which takes a very 
handsome finish. The rubber barrel is, in turn, reinforced with a metal tube which, 
its special design, insures a splendid combination of strength and lightness. 


| \ common defect in other pencils of this type is the ease with which the leads 
ak in feeding through the tip. This defect is remedied by a eaey constructed 
| tip and by the dual gripping action on the lead. 


NU-TYPE is known as ““The Panel Pencil.’” The panels, clips, nuts, as well as 
tips and caps, are made of 14k gold filled. These panels are attached to the 


ti 
ul 










pencil, just above the clip, a patented feature, and are engraved with the A. S. S. T. 
er lem. 


oa POST PAID 


| No. 150—Octagon Barrel, 514'"', Panel lock and A. S. S. T. 7 14k 
| Gold Filled 


American Society for Steel Treating 
| 4600 Prospect Ave. Cleveland, O. 


ee 
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Stewart Industrial Furnaces fo; 
Technical School Requirements 


od 


i 


Stewart Triple Purpose Furnace in Pratt Institute, Brooklyn, N. Y. 
Oven, high Speed Steel and Crucible Furnaces on One Base 


~XACTING TESTS determine the worth of technical scho 

equipment. ~ Heat treating equipment, especially, must b 

thoroughly accurate and trustworthy. No chance for “bluff” or 
‘camouflage’, particularly in laboratory work. 


The roster of schools using Stewart Industrial Furnaces reads like a 
directory of the universities and technical schools of America. 


As the work of these schools is enlarged, they keep adding Stewarts 
evidence that Stewart performance is entirely satisfactory. 


In the industrial field the Stewart service record is just as credit 
able. There is a Stewart for every industry in which heat treating 
is a factor. 


Chicago Flexible Shaft Company 


1144 South Central Ave., Chicago 


16 Reade St., 608 Kerr Bldg., 2024 Ry. Ex. Bldg., 943 Granite Blidg., 
New York City, N.Y. Detroit, Mich. St. Louis, Mo. Rochester, N. Y 


768 Mission St., 1200-01 Standard Life Bldg., 1738 Nineteenth St., 
San Francisco, Cal. Pittsburgh, Pa. Milwaukee, Wis. 


Room 305 Wesley Bidg., 79 Milk St., 414 Elm St., 
Philadelphia, Pa. Boston 9, Mass. Cincinnati, Ohio 


Canadian Office and Factory: Flexible Shaft Co., Ltd., 349 Carlaw Ave., Toronto, Canada 


’ . : ; omnT ae v9 
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“American Electric Pot Furnaces 





Kor Cyanide—Lead—Salts 
White Metals 





Made in All Sizes—Round and 


Rectangular 











Automatic Control 


Temperature Range 
400° F. to 1800° F 









American Metallurgical Corporation 


168 Dartmouth Street Boston, Massachusetts 


The Best Way to See Boston Is By the Gray Line 


Eleven Different Tours 


Main Starting Point—COPLE Y-PLAZA HOTEL—Copley Square 


Nowhere in America are Traditions Richer or History more Illuminating 
than in Boston, the City of Patriotism, Literature, Art and Science. 
Rich in Historic Interest, Because Here Were Enacted Many of Those 
Scenes Opening the Great Drama of our Nation's History. 
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OLSEN TESTING MACHINE 


All the latest up-to-date testing machines 


Olsen Latest Impr: 
Ductility Testing 
chine No. 2—Patent. 
with Pressure Weigc! 
System for sheet m. 
and wire testing. 
The very latest up-to-da 
of testing machine for de: 
ing the drawing quality 
metal. The cupping is : 
dial directly from cont 
the metal, while pressu: 
dicated on gauge which 
dicates exactly whe: 
occurs. 

The most easily and 
operated machine dev 
such tests. 


Bulletin on application 


Olsen Special Extensometer 
Patent Applied for 


AURAL 


The most accurate and quickly applied Extensomet 
developed for use on the standard 0.505 inch diamet 
specimen. Can also be obtained for use on wire or other 


VTi, 


‘a tk 


Descriptive Bulletin on application 


Manufacturers of Olsen Universal, Torsion, Brine!! 


Hardness, Impact and Alternate Stress Testing 
Machines. 


Olsen-Carwen Static-Dynamic 
Balancing Machines 


Tinius Olsen Testing Machine Company 


500 N. 12th Street 
PHILADELPHIA, PA. 
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Pots - Boxes 


PYRO ANNO “CYRO” STEE 


enennSiinnie 


Our CYANIDE and LEAD POTS are made of 
a high grade Crucible Steel and give far better service 
than the ordinary steel pot. These ‘““Cyro” steel pots 
will give you more furnace hours and cut your heat 
treat costs. 


CARBONIZING BOXES made of our “PYRO” 
steel are giving satisfactory service in hundreds of 
plants throughout the country. Sound castings of 
uniform composition make them the best low priced 
container that can be secured. 


Nickel Alloy 


Our NICKEL ALLOY is made for those plants 
desiring a material that will not oxidize, warp, or crack 
when exposed to high temperatures. A high Nickel 
Chromium alloy made from the best of materials at the 
price of FIFTY CENTS per pound with FIFTEEN 
CENTS per pound scrap allowance. 


Patented May 15, 1923. 


Swedish Crucible Steel Co. 


Detroit, Mich. 


When answering advertisements please mention “Transactions” 





TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 


enbacker 


’ NAME 
ae WORTHY °* Its 


Again!— Rickenbacker Leads 


Announcing the 


“9th Fundamental” 


tents) which totally Eliminates 
“oo “Tandem Fly Wheels. 


is the New Fuel and Oil Rectifier (licensed under Skinner 


Dilution — greatest improvement in a motor 


~~ 


Another nationally known leader owns and operates RYAN 
Heat Treating and Furnace equipment. Industrial concerns 
and manufacturers who are accepted leaders have come to F. J. 
RYAN & COMPANY for their Heat Treating—Furnace—Oven 
and Automatic Temperature Control equipment. 


This . 
-Case 
Crank Sint d to sopert treme le ones 


Leaders go to leaders in other lines of endeavor—that is why 
RYAN engineers are being called in upon important work where 
only the best is wanted—or will be tolerated. 


Furnaces—Ovens—Heat Treating equipment using 
oil, gas, coal or electricity. 


Automatic Temperature Controlling for oil and gas. 


© F.J.RYANSO@ 


WESLEY BUILDING PHILADELPHIA, PA. 


Representatives in all Industrial Territories 
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An Opini 


the Builders of One 


of the World’s Finest Cars 


HE manufacturer of one 

of the world’s finest 
cars, whose policy, unfor- 
tunately, prevents the men- 
tion of their name in adver- 
tising other than their own, 
was recently asked whether 
they used Vanadium Steel 
and why. 


The answer is interesting 
—and deeply significant to 
all who are trying to build a 
better car or make a higher 
gratie part: 


“Chrome Vanadium Steel 
is used in important forg- 
ings such as front axles, 
steering knuckles, steer- 
ing knuckle levers, axle 
shafts, and in fact all 
forgings requiring high 
strength with good duc- 
tility. 


“We have made many 


tests to show the improve- 
ments of Vanadium Steel 
over other steels of about 
the same cost. 


“The fact that Chrome 
Vanadium Steel gives 
higher and more uniform 
physical properties than 
other types of alloy steel 
at about the same price is 
the quality which makes 
it a particularly good 
value.”’ 


There is little we can add, 
or would care to add, to this 
summing up of Vanadium 
advantages by a manufac- 
turer whose reputation is 
world-wide. 


May we, however, offer 
the assistance of our metal- 
lurgists in helping you to 
select a better steel for your 
particular purpose? 


VANADIUM CORPORATION OF AMERICA 
120 Broadway, New York 


Book Building, Detroit 


t 
\) 


VANADIUM STEELS'| 


Sor Strength, Toughness and Durability 
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The Union Machine Company, San Francisco 
were experiencing difficulty in cutting a heavy 
tumbler shaft for use on a gold dredge. It is a 
chrome nickel steel tumbler and weighs some 
40,000 pounds,—the overall dimensions of the 
shaft being |4 feet, 6 inches long, 23 inches diam- 
eter,—the tumbler diameter being 76 inches. 


The operation on which several other steels had 
been used with very poor results was the taking 
of the first cut on the shaft as the material is 
very hard and full of sand. A “RED CUT 
SUPERIOR” 5¢-inch cutter was tried out to 
cut under the scale and the results were highly 
satisfactory, and very pleasing to the customer. 
It is needless to say that “RED CUT SU- 
PERIOR” is used exclusively now for all their 


difhfcult cutting operations. 


We would welcome an opportunity of proving 
its superiority to you in your shop—any time 
and on any operation you may select. 


VANADIUM ALLOYS STEEL COIMPANY, Latrobe, Penna. 


Warehouses: Latrobe—Chicago—Detroit—Springfield—Los Angeles—San Francisco—St. Louis 
Branch Offices: 
New York—P hiladelphia—Buffalo— Boston-~ Dallas—Cincinnati—Pittsburgh— Cleveland— Dayton 
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‘Take half the time 
and half the labor”? 


says WICK WIRE SPENCER 


inted to compare the merits of various heat-treating meth- 

ind-equipment, you couldn't ask for better conditions than 
n the Buffalo plaat of the Wickwire Spencer Steel Corpora- 
\is Organization, famous for its steel products of all kinds, has 


’ \ , . ° . 
successful experience in the hardening, carbonizing and Prod ~ ‘ 

: roducts Include: 
of metal under varying conditions, 


AMERICAN 


Automatic Quenching Tanks 
Gas Carbonizing Machines 


Satin 


Taree 


American Gas Furnace 


yt 
nad 


PSP 
Tees 


eT 


Blowers 
Riewpipes ar Blewtorches, 
Ham? eud Siand 
Boosters, Ging 
Brusa Melters 
Brazing Farnaces and Tables 
Burners 
~ ; " + Karners tor Electric Lamp Bulb 
entrusted especially with the heat-treating of chain of all sfzes, ; Manufacture 
ring its work with all other Carbonizing Mavhines 
\ hat it not only consumes hialf the ume and half the labor of the } Cyanide Furnaces 
ids but “produces a more uniform product-—perfect heat control. if Cylindrical Furnaces 
compact, with less maintenance cost . Forges 


Linn ee 
peta Por sk 


methods previously used; this firm 


aan 


Bees 


More 


oe ar 
ae 


Forges, Glass Bending 
4 Hardening Hanuners 
Whether your problem is the heat-treating and car- B Heating Machines 
bonizing of tiniest screws (6000 to the Ib.) or large f Melting Furnaces 
machine parts up to 14 ton, our equipment, backed 


Maftle Purnaces 
by 44 years’ experience, can save you money. Ol Tempering Furnaces 


F Oven Furnaces 
: 4 Plating Farnaces 

Let us estimate an your heat- § Rivet Heaters 
treating probtem—avrile to . f 


Soft Metal and Lead Hardening 
bPurnaces 


Oe 


= 


aaa 


Lik 


cormaTs 


Diners 


Soldering tron Heaters 
Sweep Reducing Purnaces 
Tempeving Platce 

Tire Heaters 

Tabe Heating Furnacra 


Every Type of Gas Blast Barner, 
Fucrmce and Heating Machine for 
Ladustrial ees. 


opis 


AMERICAN GAS FURNACE CO. 


Main Office and Works 5 Elizabeth, N. J. 


Kissa 
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GENERAL HARDENING 
FURNACES 


SEMI-MUFFLE TYPE 


FOR HARDENING AND 
ANNEALING HIGH SPEED 
AND CARBON STEELS 


Write for Bulletin 164-B 


We also specialize on 


large furnaces for oil 


—gas—or electricity 


aleJones EGix 


Furnace Engineers Established 1898 
PITTSBURGH, PA. 


New York — Detroit — Buffalo — Philadelphia — Chicago — San Francisco — St. Louis 
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ADVERTISING SECTION 


FIRE ARMOR 


Progress is the Product of Collective Achievement 


“FIRE ARMOR” - The original and only 
high temperature ma- 


terial 2300°—2400° F. 


CASE HARDENING —FIRE ARMOR stands 


up longer and _ better 
ANNEALING BOXES than other alloys be- 


FURNACE PARTS , cause FIRE ARMOR 
KILN FURNITURE is the only alloy de- 


OIL CRACKING EQUIPMENT ‘“!8ned_ and built to 
withstand maximum 
GLASS MACHINERY PARTS, etc. 


temperature conditions. 


Quality—Dependability 


“FIRE-ARMOR” 


CHROBALTIC TOOL COMPANY 


Railway Exchange 1701 Arch Street Donovan Building 
Chicago, III. Philadelphia, Pa. Detroit, Mich. 


Mr. J. W. Mull, Jr. Lorenzo Norvell Co. Mr. C. K. Kelly 
717 Fletch Trust Bldg. Chemical Building 344 Norwalk Avenue 
Indianapolis, Ind. St. Louis, Mo. Buffalo, N. Y. 
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AMERICAN SOCIETY FOR STEEL TREATING 


Show Your Colors @ 


LL MEMBERS of the A. S. S. T. should make a practice of wearing th: 

Society emblem. It is neat and inconspicuous and immediately conveys thx 
information that the wearer is a progressive individual and a member of a live 
wide awake organization. The pin is in black and gold as shown above, wit! 
safety fastener, and will be mailed, post paid upon receipt of $1.00. 


AMERICAN SOCIETY FOR STEEL TREATING 


4600 Prospect Ave. Cleveland, Ohio 


No Initiation Fees 


Application for Membership in the 


American Society for Steel Treating 
4600 Prospect, Cleveland, Ohio 


(See opposite page for Classification and rate for dues.) 


I hereby make application for y Anew ell Susteining ) membership in the So- 
ciety, and agree, if elected, that I will be governed by the Constitution, 
By-Laws and Rules of the Society as long as I continue a member. | 
furthermore agree to promote the objects of the Society so far as 


shall be in my power. $5.00 of my dues is for one year’s subscription to 
the Transactions of the American Society for Steel Treating. 


Name 


Firm Name 


State fully what your firm manufactures or deals in 


Endorsed by 
If candidate does not know any member of the Society, a reference will be satisfactory. 


When answering advertisements please mention “Transactions” 











ADVERTISING SECTION 


BRINELL TESTING MACHINES 
PRE-EMINENT 


Used by the largest metal manufacturers, 
colleges and universities 


Power or Hand Operated. 


Can be moved anywhere with- 
out dismantling any part. 

Increases production. Capable 
of making from 500 to 900 
tests per hour. 

lessens cost of Brinell Test- 
ing. 

Dust proof. 

Liquid tight without friction. 


Standard Type of 
Hand Operated. 
Made in three sizes. 
Style A-615"' Gap. 
Style Al-12!4"' Gap. 
Style A2-18"' Gap. 


Gap denotes the maximum 
dimension of flats, rounds 
or shapes that can be tested 
with each style machine. 


Vest pocket edition of Brinell Tables, Depth and Diameter 
furnished on request. 


Catalogs and Prices furnished on request. 


Steel City Testing Laboratory 


Imperial Power Building 
Pittsburgh, Pa. 


When answering advertisements please mention “Transactions” 
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FOR STEEL 


TREATING 


Heat treating fish hooks 


MAN once said, after reading 

our advertisements, “‘Is there 
anything you folks don’t do with 
heat!” 


We told him that Surface Com- 
bustion furnaces are in use ‘“‘wher- 
ever heat is used in industry” 
10,000 successful installations tes- 
tifying daily to the efficiency of One 
Valve Control and Automatic Pro- 
portioning. 


The furnace illustrated hardens 
fish-hooks. It has a high rate of 
heat transfer—the work soaks 
through in a very short time. A 
hand lever dumps the finished work 
into the quenching tank, but holds 
the box on the rails. 


Last month we illustrated a fur 
nace recently installed in one of th 
largest automobile factories for 
heat treating cam shafts. 


When will we illustrate an ad 
vertisement with a special furnac 
built for you? 


THESU RFACE CO. 


Industrial Furnace Engineers 
and Manufacturers 


General Offices and Works: 


Gerard Avenue and 144th Sts. 
New York 


Branches: In all of the principal cities 
of the world. 


Surface Combustion 


WHEREVER HEAT IS USED IN INDUSTRY 


S-248 


When answering advertisements please mention “Transactions” 
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— 


ROBERT W. HUNT CO. y 
ENGINEERS NTA 
ea. ae TOOL STEEL 


PHYSICAL 
LABORATORIES 


FINE STEELS 
ee Sis te hie tt 


CONSULTATION CLARITE HIGH SPEED STEEL 


OILDIE NON-SHRINKING 
COLUMBIA SPECIAL CARBON 


LABORATORIES AT TOOL STEEL 
PRINCIPAL OFFICES : COLUMBIA EXTRA, er« 


RESIDENT INSPECTORS 
AT STEEL MILLS AND 
MANUFACTURING PLANTS 


GENERAL OFFICE 
CHICAGO 


Le vy + rs 
NEW YORK PITTSBURGH a penchant COMPANY 


ST. LOUIS SAN FRANCISCO preppy elena ees 
KANSAS CITY CINCINNATI ieee 





Mi\LWAUKEE LEVELAND OETROIT Tet LL 


LONDON MONTREAL 


HARDNESS TESTING 


Is Now Done Almost Exclusively With 
The SCLEROSCOPE 
(International Standard 
Direct reading, can be operated by anyone with great rapidity. 
Measures softest metals and hardest steels without adjustment. 
Send for our booklet, free. 





The PYROSCOPE 


as a heat indicator, has solved the most difficult 
problems. 
In heat treatment of steel, forging, founding, etc. 


Unexcelled for constancy, 
inexpensive. 


Booklet Free. 


Selective 
Car burizing 
Localized 
Hardening 
By SHORE 


Process 


THE SHORE INSTRUMENT & MFG. CO 
Van Wyck Ave. and Carll St., Jamaica, New York 


Agents in all Foreign Countries 


When answering advertisements please mention “Transactions” 
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TREATING 


QUALITY PRODUCTS 


Blaich Modern Carbonizers. 





Quick Heat—for use as a fused melt, preventing decar- 
bonization, formation of scale, and soft 
spots during heat-treating. 


Quick Case—an efficient and economical medium for 
cyaniding. 


Lead Coat —a cevering for molten lead baths. 


Insulite —prevents penetration of carbon on selected 
areas during the carbonizing operation. 


ALFRED O. BLAICH COMPANY 


DETROIT 555 BEAUFAIT AVE. MICHIGAN 















Cut Gears and 
Speed Transformers 


(| There is 54 years of experience in gear 
manufacturing behind each Ganschow 
Gear. 


(The same experience is reflected in 
Ganschow Speed Transformers. 


“*Ghere’s a Gype for Every Service”’ 
1001 Washington Blvd. Chicago, Illinois 
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HOBSON’S CHOICE XX 


EXTRA REFINED 
for 


FORMING TOOLS 
DRILLS, REAMERS, Etc. 









HOBSON’S Warranted Best 
| for DIES, PUNCHES and 
General Tools 














CHOICE Polished Drill Rods 
PIVOT STEEL for SCALES 
HIGH SPEED STEEL 
SELF HARDENING STEEL 
FAST FINISHING STEEL 
SHEETS, Cutlery and Saw 
FORGED CUTTER BLANKS 
RINGS, DIE BLOCKS, Etc. 


5000 various SIZES IN STOCK, 


for all purposes 


Hobson, Houghton & Co., Ltd. 
Offices and 83 Beekman St. 
Warehouse NEW YORK 














Silicon (Pure) 


\lolybdenum, Manganese 
Pure and Low C.), Chro- 
mium (Pure and Ferro), 
Cobalt, Titanium, Tungsten 


Powder and Ferro), Silicon 














\luminum Manganese AI- 
loys (also with Ti.) Calcium 
Silicon’ and OTHER SPE- 
CIAL ALLOYS. 


Large stocks carried in New York 













Write for Stock List 


deCourcy Browne, Inc. 
Metallurgical Engineers 
120 BROADWAY ‘NEW YORK 
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Tool Steel 


Bars Sheets 
Blocks 

























[fig ALBANY ST.) 
; CAMBRIDGE, | 
MASS. 


4 











Stainless Steel 















Bars Sheets 







FORGINGS 
DIE BLOCKS 
SHEAR KNIVES 


atG'STERe, 




















Rave mar® 


HEAT TREATED 
PRODUCTS 
OUR SPECIALTY 


Heppenstall Forge & Knife Co. 


WORKS 
PITTSBURGH, BRIDGEPORT, 
PENNA. CONN. 
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READ THIS! 
Quality Products For Heat Treating:- 


Klean Heat - - - A reheating medium whic! 


eliminates scale and soft spots 


Kwick Kase A low priced Cyanide mixture 
Furnace Cements Five types for heat treating 


forge or foundry furnaces. 


Lead Pot Carbon A lead pot covering which pre 
——$ vents lead sticking. 
Brinell Machines : 


Sodium Cyanide (96%-98GZ) 
Cyanide Hardening Compound - 3yie) Sixt cmeent rein 
Woodside’s Rapid Carbonizers - Carbonizers which give uni- 


form results. 


Park Quenching and Drawing Oils 
PARK CHEMICAL COMPANY 


Metallurgical Engineers 


DETROIT MICHIGAN 


Metallurgical Testing Machines 
“ALPHA” 


We will make immediate shipment of these famous Swedish 
instruments, of which we have a good stock:— 


Alpha Original Brinell Machines 
For Hardness Testing. 
Alpha Dividing Machines 
For Tensile Test Bars. 


Alpha Fatigue Testing Machines 
By Rotation under Constant Bending Load 


Alpha Impact Testing Apparatus 
Charpy’s System. 


Alpha Percussion Testing Machines 
For Cast Iron, etc. 


Prof. Martens’ Hardness Tester 
Working on the etching principle for measure 
ments above the Brirell Units. 


We also supply NITROL . Wedge Optical Pyrometers 


The case hardening compound A practical, accurate plant 
that produces better results in instrument for all high tem 
less time. perature work. 


American Kreuger & Toll Corporation 
522 Fifth Avenue New York City 


When answering advertisements please mention “Transactions” 













ADVERTISING SECTION 


SSOP’S 


STEELS 


Manufactured 


FOR | AQ vears 





J Q2A4 





FOR THE FINEST TOOLS 


Imported from Sheffield 


BARS 
BEST CAST STEEL— Yellow Label 
Recognized as the Standard Uniform 


Quality Tool Steel throughout the 
world. 


“‘The Value of Tool Steel should 
be measured by what it DOES, 
and not by what it costs.’’ 


Composite Steel (combined Iron and Steel) 
Double Shear Steel 
Drill Steel—hollow and solid 


Special purpose steels on demand 


BILLETS AND FORGINGS 
SHEETS 


STRIPS AND COILS 
Hot and Cold Rolled. 


WILLIAM JESSOP & SONS, Inc. 


Head Office, 91 John St., New York 


Made in America 


BARS 


Arrangements now comp'eted for the produc - 
tion of Jessop’s American Steels in Bar form 
at the enlarged works at Washington, Pa. 
The following available: 

High Speed Stee's 

Oil Hardening Stee!s 

Hot and Cold Die Steels 

Milling Cutter and Tap Steels 

Cutlery Steels 

Special Alloy Steels 

General Purpose Steels 


SHEETS AND PLATES 


As formerly 
Hot Rolled, all thicknesses, 28 gauge and 
heavier, widths 2” to 60” for: 


All Kinds of Saw Steels 
Cutlery Steels Valve Plates 
Magnet Steels Die Plates 
Agricultural Steels Automotive Steels 


BANDS AND COILS 


Hot Rolled 20 gauge and heavier; widths 4” 
to 18”; lengths to 70’. 


JESSOP STEEL COMPANY 


Head Office, Washington, Pennsylvania 


WILLIAM JESSOP & SONS, LTD. 
Canadian Head Office, 230 Bay St., Toronto, Ontario 
Montreal: 131 St. Paul St. West 


Branches and Warehouses: 


New York City—91 John St. Boston 


163 High St. 
>t. Louis—1409 Morgan St. 


Cleveland 


-1277 W. 9th St. 


-13 E. 2nd St. 


San Francisco 


Chicago—1857 Fulton St, 
20-22 Natoma St. 


Cincinnati 


AGENTS AND STOCKS IN ALL PRINCIPAL CITIES 


, . . ° (6°T° ° a” 
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Barkling No. 5 Oven Furnace 


U-Shaped Hearth Slab for Hardening High Speed and Ca 
Steel 


A Tool Room Leader 


Dimensions 


Sin.x9in. Thickness of Lining 
Depth of Chamber.......14 in. 
Thickness of Insulating 1'¢ in. 
Floor Space 30 in. x 30 in. 
Shipping Weight....1,000 lbs. Height of Entrance 


The Barkling No. 5 Oven Furnace is especially adapted 
hardening of small tools, dies, punches, blades, cutters, sprin; 
The U-shaped hearth slab permits the treatment of a consid 
amount of steel at one time. Our method of combustion p 


the heat to thoroughly penetrate the material without allowi: 
flame to strike direct. 


We call particular attention to the insulation feature 
Barkling Furnace. This insulation practically prevents th. 
penetrating to the outer shell of the furnace and results in 
siderable saving of fuel. 


The body is strongly built of heavy cast iron plates with 
steel arch and is securely bolted on strong cast iron legs 


The door is of the counter balance type and is easily manipu 
Write us for catalog and price list. This will be of interest to y 


BARKLING FUEL ENGINEERING CO. 


1743 N. Kenton Ave. Chicago, Ill. 


We always welcome a comparative test between ‘““SSTECO” CASE 
HARDENING COMPOUND and any other make. You can find 


out more about “STECO” by actual use than we could tell you in 
ten times this space. 


THE STEEL TREATING EQUIPMENT CO. 


METALLURGICAL ENGINEERS 
7945 Lafayette Blvd., West, Detroit, Michigan 


, . . . . ”” 
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ADVERTISING SECTION 


a 


SPECIAL STEELS 
SSM Did hod 


Speed isn’t always synonymous 
with efficiency 


The Indian’s smoke signal made with this blanket 
and a fire kindled slowly with flint chips frequent]; 
served him better than the more speedy runners 


Ever since the perfection of Ludlum Purple cut, 
high speed steels have proven far inferior to it for 
threading tools, tape, reamers, drills, punches, dies, 
etc. Reamers made of it have never been known to 
break in service; it is a super steel for tools requir 
ing lasting, keen cutting edges; it is the only steel 


that does not suffer from carbide segregation 


Let us tell you more about Purple Cut and our 
other special steels for special purposes. 


STEELS 


SPECIAL PURPOSES 
WATERVLIET-N.Y-U.S.A 


‘Facilitates Production 
in 


Automobile Plants 


ROCKWELL AIR-TIGHT BLAST GATE 


Threaded or Flanged Connections 


Used By For Control of 


Ford Motor Co. Air for furnaces, ovens, boilers, 
General Motors Truck Co. cupolas, dryers, kilns, etc. 
Maxwell Motor Co. Blowing scale from dies 
Studebaker Corporation Powdered Coal 

and many others Soot, Dust, etc. 


Reasons Why 


|nexpensive 
Light 
Strong 
Compact 
uick and Positive in Action 


Bulletin 258-C shows many in- 

The logical control device 
for you to use in similar 
ae 


other control device 
has so many desirable 
features. 


teresting applications of Rock- 
well Air-Tight Blast Gates. 
Write for copy. 


W. S. ROCKWELL COMPANY 


Furnace Engineers and Contractors 
50 Church Street (Hudson Terminal Building) New York 


Cleveland Detroit Canadian Distributor: 
Union Trust Bldg. Majestic Bldg. Drummond, McCall & Co., Ltd.. Montreal 


Chicago 
isworth Bldg. 


When answering advertisements please mention “Transactions” 
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made by Jhe Ohio Steel Foundry Co. retraite] 


Superheat Resisting Alloys for 
Every Purpose 


Fahrite Castings represent the most complete range ever produced 
of heat-resisting alloys of varied analysis. They are giving servic 
up to 2200°F. Quantity production, together with improved 
processes has enabled us to set a new level for low prices. 


An important factor is the manufacturing organization in back « 

this production. The 15 years’ reputation of the Ohio Steel Found 
ry Company — with its three completely equipped plants and tech 
nical laboratories, and its 4,000 tons monthly production, give 
ample surety for the necessary manufacturing skill,highly specialized 
technical knowledge and responsibility of claims. 


We provide you with the right alloy for the right purpose—at the 
right price. 


If you have been paying the usual nickel chrome and ferrochrom« 
prices, it will pay you to investigate Fahrite Castings. 


THE OHIO STEEL FOUNDRY COMPANY 
Springfield, Ohio 
Works: Lima Springfield Bucyrus 
Offices at: New York, 50 Church St.; Philadelphia, 22 S. 15th St.; Cleveland, 


Union Trust Bldg.; ‘Pittsburgh, Park Bldg.; Chicago, Peoples Gas Bidg.; 
St. Louis, Railway Exchange Bidg. 


FAHRITE CASTINGS 
are serving in these and many other applications: 


Carbonizing Boxes, Lead Pots, Annealing Boxes and Equipment, 

Furnace Hearths, Grates and Stoker Parts, Rolls, Chains, Links, Bars, 

Rails, etc., for continuous Furnaces. Enamel Burning Equipment, 

Stirring Arms and Parts for Metallurgical Roasting Furnaces, Retorts 

and Tubes for Oil and other Chemical Processes, Parts for Glass- 
making Machinery, etc. 


When answering advertisements please mention “Transactions” 
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Carbofrax Brings the Heat to Your Ware 
Fight Times as Fast as Fireclay 


TS is no other commercial refractory material that has the 
remarkable heat conductivity of Carbofrax—the Carborundum 
Refractory. 

With Carbofrax hearths in your heat-treating furnaces you are 
assured of a uniform flow of heat which is reflected in the more 
uniformly heated ware—in the saving of fuel and increased general 
efficiency of the furnace. 

With a Carbofrax hearth you can bring the furnace up to heat 
much quicker and you can hold it there. 


Carbofrax hearths will not soften or warp—they retain a true even 
surface. 
They show a decided resistance to abrasion and they will last 


months as against weeks for fireclay. 


Made for all standard furnaces in one piece up to 24x15 and 24x24 
inches—larger hearths in sections. 


Write our Sales Engineering Department regarding 
any problem dealing with Refractories 


The Carborundum Company, Perth Amboy, N. J., U.S. A. 


Refractory Division 

New York, Chicago, Boston, Philadelphia, Detroit, Cleveland, Cincinnati, Pittsburgh 
Milwaukee, Grand Rapids 

Williams & Wilson, Ltd., Montreal 
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Ci I nial atts 


General Electric 
Company 
Schenectady, N. Y¥. 


Sales Offices in al] 
Large Cities 


TOE 


ayy a. 


ELECTRIFY 


Your Heat Treating Process 


A manufacturer of Metal Stampings uses this 
Electric Furnace, equipped with G-E Direct- 
Heat Units and Automatic Temperature Con- 
trol, for hardening dies and tools. It was 
installed about two years ago and has given 
very satisfactory service always. 


“It’s the best tool in the Hardening Room!” 
says the heat-treating-shop foreman. “I get a 
half day’s work done by early morning.’”’ His 
enthusiasm results from the ease and speed with 
which this furnace operates, and the accuracy 
of temperature control. 


G-E Direct-Heat Electric Furnaces, complete in stan- 
dard sizes, and G-E Direct-Heat Units to equip larger 
size electric furnaces—are manufactured by the Gen- 
eral Electric Company, Schenectady, N. Y. 


GENERAL ELECTRIC 
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1347 Hours in 
Lead Pot 


This is the record of a Hi 
Tempo metal Pot. A report 
on six pots showed 715, 845, 
854, 1101, 1173, and 1208 
hours and every one of them 


still going. 


Another pot finally burned 
out after running 1347 hours. 


This is the kind of service 
Hi-Tempo pots are giving in 
plants all over the country 
averaging above 1,000 hours. 
And Hi-Tempo costs but a 
New Uses Developing fraction more than ordinary 
Every Day steel. 
This is the third of a series of Hi-Tempo is made by a pat- 
Nebel cline ot the ee eee ented process. It has Cxtra- 
ing qualities of Hi-Tempo ordinary heat-resisting quali- 
Metal. In the mail the other ties as the foregoing shows. 
morning were three inquiries And as a result it is being 
all asking about Hi-Tempo Pn : ae 
Metal for uses entirely different used for dozens of things 
from pots and boxes. besides pots and boxes—an- 
RR i oe sete nealing boxes, hearth plates, 


right away of places in your grate bars, galvanizing boxes, 
plant where iron or steel is be on 
ing used in close contact with 
heat and is warping and crack 
ing all too soon. Hi-Tempo ’ 

Mietel. will mot warp, crack os We have numerous patterns 
burn through like ordinary in stock. Write us your size 
metals. It will save you time, and requirements—we will 
trouble and money. Send ; 

details for prices. quote you surprising money 

saving prices. 


In other words wherever 
there 1S heat. 


Us Case Hardening Service Company Bell & Gossett Company 


2281 Scranton Road, 117 North Dearborn Street, 
Cleveland, Ohio Chicago, Il. 


Hi-Iempo Metal 


Wherever There Is Heat 


When answering advertisements please mention “Transactions” 





78 
AMERICAN S( ae 
N SOCIETY FOR STE 
STEEL TRE 
tATING 


Th; 
his treatise was. publi 

ished 

for 


ching Oil 


The Cooling of Quen 
in the Y | 


ent of Steel 


{LETT 


Heat Treatm 
BY KE NNE TH B. M 


CONTENTS 


—_ Steels. etait eae 
Tre atment- 
g He! at Tre: siaaiite 


ions 


Harde ning - 
Tempering 


Anne aling-- °° 
Speed. aa 


Mediums.---°°°° 7" 


ty Curves: --°° "| 
Uniform Hardness 


f — <i Mh gaa een 


Quenc hing 
Que nching 
Oil V iscosit 


e oO 
Tanks 
» Oil © ool! 


Quenching 
Advant: ages of Continuou 
Re duction of Fire ase" ae 


Multiwhirl Cooler: -- 
ata on Typicé al Insti all itions - 


alli ation PhotograP”: 


g Systems Layout 


Temperatur 


ing Sy stems 


Quenching 
s Oil cue aon - “hohe, ai 


The inf 
. : I e information ; i 
ve eee as s valuable _ . in this b i 
the . g temperatures 3 steel treater. I iseu ea proper 
ask 2 practice in oa a ? plains = 
ing. equipn steel treatin nah sues he most app 
dred nent that has g, and descrik wg Bones age pproe 
s of progres given the mos ee oa 
sive plants such re. results 
uick Motor Co., E 
F alk Co., 


Send f 
or you 
r Hyatt Bear: 
) ea ee ° 
copy today oe Coe th ek of Gen 
neue Rand — Motors Corp. p 
: *) ackard 


If v ; 
your indu 
to wri , istry touc 
York C; ae the one heat treatme 
ity, for a f -Russell Co nt of steel, do not f 
ree copy of the t mpany, 97 West th yt fail 
F reatise treet, New 


Ss p 
t 






















ADVERTISING SECTION 


Cut Your Heat Treating 
Costs! 


One shop using Lavite and figuring carefully re- 
ported a saving of over 30 percent. 





+ 


They found that with Lavite for $49,663.92 they 
had done work which by their former oven fur- 
nace and lead heat treating process would have 
cost $74,612.73 or about one-third more. 


Of course, pots and Lavite cost money, but the 
saving is surprisingly big in furnace time, labor 
charges and supervision, the really important 
items. 





Consult us about your problems. 


You should make large savings with 


LAVITE 


The Bellis Heat Treating Co. 


102 Blake St. New Haven, Conn. 












BELLIS LAVITE 


The new medium that makes Heat Treating an Exact Science 
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>>$cas >> sac4 SSI rt Ss 


The Economy and Wisdom 
of Better Steel 


HE steel that goes into above other considerations, 
your product is a poor ‘Tacony offers a complete 
place to practice any but 


range of high grade carbon 
the best kind of eeonomy— 


; and alloy steels. With 
the CCOROMY Of Mare. uns- these steels—or in advance 
form, dependable _ steel. 
Forging and machine work 
are too costly and reputa- 


of them—goes a_ helpful 
metallurgical*® service 
tion too valuable to en- backed | by a 7 
trust them to. steel of search facilities. 


doubtful character. 





May we help with your 


To those who place quality steel problem? 


ALLOY AND CARBON STEELS 
lo 


STANDARD AND SPECIAL ANALYSES 
HoT ROLLED AND COLD DRAWN BARS 
STANDARD AND SPECIAL SHAPES 
PRESSED AND HAMMERED FORGINGS 
INGOTS BILLETS BLOOMS 


TACONY STEEL COMPANY 


Franklin Bank Building 
-PHILADELPHIA, PA- 


District SALEs OFFICcEs 


New York: No. 2 Rector Street. Detroit: 620 E. Hancock Ave. 
Boston: 141 Milk Street. San Francisco: 160 Beale Street. 


\D 


LS CEE 
=a Mae a = 
~ 
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Bausch & Lomb 
METALLOGRAPHIC 
OUTFIT 
Model UI 


General Routine Metallographic Inspection 


‘equires magnifications exceeding 200 diameters. 


Realizing this, and also the fact that 
plants cannot always afford the more expensive outfits which are capable of research 
we have developed this new equipment. 


simplified outfit is equipped with an inverted microscope, a camera and a 6-volt, 108- 
bbon filament illuminant in one compact unit. It is very simple to operate, easily port- 
id especially suited for low power work. The image can be observed through an opening 
top of the dark chamber upon a white screen at the bottom. A focusing glass, which is 
irt of the regular equipment, is mounted over the opening of the dark chamber for ac- 
focusing of the image. 


optical system includes two achromatic objectives of 16 and 8 mm focus and one pair 


t 6.4x and 10x Huygenian eyepieces, giving magnifications varying from 64x to 210x. 


Price $332.50 


Bausch & Lomb Optical Co. 


Desk F127, 635 St. Paul ae: Rochester, MB: 


New York Washington Chicago 
Boston San Francisco London 


When answering advertisements please mention “Transactions” 
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LEITZ MICROSCOPES ARE THE STANDARD OF THE WOR|L| | 


Leitz “Micro-Metallograph” 


—Large Metal Microscope with Camera— 


In Stock For Immediate Delivery 


Aenea vanity An a 
' TE tee i ti 
i$ 
le ah 


Supplied with ‘‘Vibration Absorber’’—most important for industrial laboratories — the 
instrument is immune against vibrations; photographs will always be clear and sharp. 


U. S. Government Institutions, leading Industria! 
Laboratories and Universities will testify as to the merits 
of the Leitz ‘““Micro-Metallograph”’ and the satisfaction 
obtained through its use; we offer a reference list of users 
upon request. 


Micro-Analysis are the only dependable methods to- 
wards improving manufacturing conditions in mills and 
foundries; without them tests are mere guesswork, pro- 
duction is unreliable and costly. 


Inform us of your manufacturing problem, our tech- 
nical department will assist you and make recommenda- 
tions of the equipment needed for your laboratory. 


For the most exact requirements the Leitz ‘‘Micro- 
Metallograph”’ should be selected; it has no equal. 


Ask for Catalog B (P), descriptive of the complete line 
of Leitz Metallurgical Microscopes and Accessories. 


F el NC ee! NOT 
Ses 
WORKMANSHIP "'s SUPREME 

: 60 East 1O™Sr. 
General Distributing Agents for Canada: 


The J. F. Hartz Co., Ltd., Toronto, Canada 


Agents for Western States—California, Washington, Oregon, Idaho, Utah, Montana 
and Arizona, SPINDLER AND SAUPPE, 86 Third Street, San Francisco, Cal. 


When answering advertisements please mention “Transactions” 
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TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 


Distinguished Service 
in Iwo Different 
Fields— 


In the field of electric heating Nichrome de- 
pendability has been established by nearly 20 
years of performance. Nichrome wire, ribbon 


and strip convert electric energy into heat. 


To be sure of getting the distinguished service of 
which Nichrome is capable, write this specifica- 
tion into your orders for electric furnaces, ovens, 
etc. ** * “Heating units of Nichrome—the 
Driver-Harris Resistor’’. 


In the field of case carbonizing and other high 
temperature processes the character of Nichrome 
service is‘such that Nichrome Castings are used 
by more — considerably more — than Twelve 
Hundred Plants. 


The physical characteristics of Nichrome Castings and of 
Nichrome for electrical resistors are shown by two different 
books—yours for the asking. 


DRIVER-HARRIS COMPANY 


HARRISON, NEw JERSEY 


Chicago + Detroit - Canada - England - France 


Nichroise 


When answering advertisements please mention “Transactions” 
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ENGELHARD 
PYROMETERS 


Something more than good 
materials is required to 
make a good pyrometer 
system. The proper adap- 
tation of material to its 
intended use, the skill in 
design, the painstaking 
craftsmanship in manu- 
facture — these are not 
matters of chance. This 
comes in an organization 
that has been doing a 
thing well for years and is 
always trying to do it bet- 
ter. 


There are Engelhard Pyro- 
meters in use, which, 
though they lack the re- 
finements of our present 
equipment, are _— serving 
their twentieth year in 
heat treating work. 


Service 
CHARLES ENGELHARD inc. 


3O CHURCH ST. 
NEW YORK CITY. 
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